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WO 97/38098 PCT/CA97/00240 

HUMAN HYALURONAN RECEPTOR 



The present invention relates to the human 
hyaluronan receptor, known as the Receptor for Hyaluronic 
5 Acid Mediated Motility or RHAMM. More particularly, it 
relates to the genomic and cDNA sequences of the human 
hyaluronan receptor. 

Background of the Invention 
10 In the description which follows, references are 

made to certain literature citations which are listed at 

the end of the specification. 

Hyaluronan is a large glycosaminoglycan that is 

ubiquitous in the extracellular matrix and whose 
15 synthesis has been linked to cell migration, growth and 

transformation. This glycosaminoglycan interacts with 

cell surfaces via specific protein receptors that mediate 

many of its biological effects. 

One of these receptors is RHAMM. A RHAMM cDNA was 
20 originally cloned from a murine 3T3 fibroblast cDNA 

expression library (Hardwick et al., (1992) and several 

RHAMM isoforms were found to be encoded within the murine 

gene (Entwistle et al., (1995). 

RHAMM acts downstream of ras in the ras 
25 transformation pathway (Hall et al., 1995). It regulates 

focal adhesion turnover, is required for cell locomotion 

and is transforming when overexpressed in murine cells 

(Hall et al., 1995) . 

30 Summary of the Invention 

In accordance with one embodiment of the invention, 
an isolated nucleic acid comprises a nucleotide sequence 
encoding a protein selected from the group consisting of 
human RHAMM 1, human RHAMM 2, human RHAMM 3, human RHAMM 
35 4 and human RHAMM 5. 

In accordance with a further embodiment of the 
invention, an isolated nucleic acid comprises a 
nucleotide sequence selected from the group consisting of 
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(a) a nucleotide sequence of at least 10 
consecutive nucleotides of Sequence ID NO: 3; 

(b) a nucleotide sequence of at least 15 
consecutive nucleotides of Sequence ID NO: 3; and 

5 (c) a nucleotide sequence of at least 20 

consecutive nucleotides of Sequence ID NO: 3. 

In accordance with a further embodiment of the 
invention, 

an isolated nucleic acid comprises a nucleotide encoding 
10 at least one binding domain of human RHAMM protein or a 
fragment or analogue thereof which retains HA binding 
ability. 

In accordance with a further embodiment of the 
invention, an isolated nucleic acid comprises a 
15 nucleotide sequence of at least one exon of the 
nucleotide sequence of Table 1. 

In accordance with a further embodiment of the 
invention, an isolated nucleic acid comprises a 
nucleotide sequence encoding the amino acid sequence of 
20 Sequence ID NO: 50. 

In accordance with a further embodiment, ~he 
invention provides a transgenic animal wherein i genome 
of the animal, or of an ancestor thereof, has been 
modified by insertion of at least one reccrxmant 
25 construct to produce a modification selected from the 
group consisting of 

(a) insertion of a nucleotide sequence of at least 
one exon of the human RHAMM gene; 

(b) insertion of a nucleotide sequence encoding at 
30 least one human RHAMM protein; 

(c) inactivation of an endogenous RHAMM gene. 
In accordance with a further embodiment, the 

invention provides a substantially pure protein selected 
from the group consisting of human RHAMM 1, human RHAMM 
35 2, human RHAMM 3, human RHAMM 4 and human RHAMM 5. 

In accordance with a further embodiment, the 
invention provides a substantially pure peptide 
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comprising an amino acid sequence selected from the group 
consisting of 

(a) at least 5 consecutive amino acid residues from 
the amino acid sequence of Sequence ID NO: 4; 
5 (b) at least 10 consecutive amino acid residues 

from the amino acid sequence of Sequence ID NO: 4; and 
(c) at least 15 consecutive amino acid residues 
from the amino acid sequence of Sequence ID NO: 4. 

In accordance with a further embodiment of the 
10 invention, a substantially pure peptide comprises at 
least one binding domain of human RHAMM. 

In accordance with a further embodiment, the 
invention provides a substantially pure peptide having 
the amino acid sequence of Sequence ID NO: 50. 
15 In accordance with a further embodiment, the 

invention provides an antibody which selectively binds to 
an antigenic determinant of a human RHAMM protein. 

In accordance with a further embodiment, the 
invention provides an antibody which selectively binds to 
20 an antigenic determinant of the peptide of Sequence ID 
NO: 50. 

In accordance with a further embodiment, the 
invention provides a method for identifying compounds 
which can selectively bind to a human RHAMM protein 
25 comprising the steps of 

providing a preparation of at least one human RHAMM 
protein; 

contacting the preparation with a candidate 
compound; and 

30 detecting binding of the RHAMM protein to the 

candidate compound. 

In accordance with a further embodiment, the 
invention provides a method for assessing prognosis in a 
mammal having a tumour, comprising obtaining a tumour 

35 sample from the mammal and determining the level of 

expression of RHAMM protein in the tumour sample, wherein 
increased expression of RHAMM protein is indicative of a 
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poor prognosis. 

In accordance with a further embodiment, the 
invention provides a pharmaceutical composition for 
preventing or treating a disorder in a human 
5 characterised by overexpression of the RHAMM gene 

comprising an effective amount of a nucleotide sequence 
selected from the group consisting of 

(a) a dominant suppressor mutant of the RHAMM gene; 

(b) an antisense sequence to human RHAMM cDNA; and 
10 (c) an antisense sequence to exon 8 of the human 

RHAMM gene and a pharmaceutically acceptable carrier. 

In accordance with a further embodiment, the 
invention provides a method for preventing or treating a 
disorder in a human characterised by overexpression of 
15 the RHAMM gene comprising administering to the mammal an 
effective amount of a nucleotide sequence selected from 
the group consisting of 

(a) a dominant suppressor mutant of the RHAMM gene; 

(b) an antisense sequence to human RHAMM cDNA; and 
20 (c) an antisense sequence to exon 8 of the human 

RHAMM gene ♦ 

In accordance with a further embodiment, the 
invention provides a method for inhibiting cell migration 
in a human comprising administering to the human an 
25 effective amount of an agent selected from the group 
consisting of 

(a) an antibody which binds specifically to human 
RHAMM protein or a fragment thereof; and 

(b) a peptide comprising a human RHAMM HA-binding 
30 domain - 



Brief Description of the Drawings 

Certain embodiments of the invention are described, 
reference being made to the accompanying drawings, 
35 wherein: 

Figure 1 shows the strategy used for cloning human 
RHAMM cDNA. The coding region of the human RHAMM cDNA is 
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represented by an open rectangle, the start (ATG) and 
stop (TAA) codons are indicated/ as are the 5' and 3' 
UTRs. The nucleotide region encoded in each clone and 
RT-PCR product is indicated by a single line. 
5 Figure 2 shows a comparison of the amino acid 

sequences of the HA-binding domains of mouse, rat and 
human RHAMM. Specifically-spaced basic amino acids 
corresponding to the termini of the various consensus 
hyaluronan-binding motifs, X l -A„-X 2 , contained within the 

10 binding domains are underlined in the mouse sequence, 

amino acids 402 to 412 (Sequence ID NO:l) and amino acids 
424 to 433 (Sequence ID NO:2), the numbering indicating 
the amino acid position of the HA-binding domains within 
the published amino acid sequence of mouse RHAMM2 

15 (Hardwick et al., 1992). In the rat and human binding 
domains, amino acids identical to the mouse sequence are 
represented by dots. 

Figure 3 shows immunohistochemical staining of 
formalin-fixed paraffin-embedded human breast cancer 

20 tissues using an antibody to RHAMM. Sections are 

counterstained with methyl green. The staining intensity 
of tumor cells and stroma is variable. A, 3 & C, General 
tumor staining (arrow heads) with maximum tumor staining 
in individual cells (arrows) , D. Tumour cellc and stroma 

25 both staining positively for RHAMAM, E. Tumours showing 
positive nuclear as well as cytoplasmic staining, and F. 
Tumours showing negative staining. Magnification, A and 
F, 400X; B, D and E, 250X; C, 650X. 

Figure 4 shows Kaplan-Meier survival curves of 

30 primary breast cancer patients subdivided according to 
RHAMM maximum staining. 

Figure 5 shows Kaplan-Meier survival curves for 
overall survival of primary breast cancer patients. The 
top two curves are for node negative and the bottom two 

35 curves are for node positive patients. Open symbols are 
for tumors with maximum-general RHAMM staining < 1 unit; 
closed symbols are for tumors with values > 1 unit. 
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Figure 6 shows Kaplan-Meier survival curves for 
metastasis-free survival of primary breast cancer 
patients- The top two curves are for node negative and 
the bottom two curves are for node positive patients. 
5 Open symbols are for tumors with maximum-general RHAMM 
staining < 1 unit; closed symbols are for tumors with 
values > 1 unit. 

Figure 7 shows in diagrammatic form the presence or 
absence of exons 7 and 8 in human RHAMM isoforms 1 to 5. 

10 

Detailed Description of the Invention 

The inventors have obtained the genomic sequence for 
human RHAMM shown in Table 1. The human RHAMM gene spans 
25.4 Kilobases and comprises 17 exons. 

15 The inventors have also obtained and sequenced the 

full length cDNA for human RHAMM. The cDNA, from normal 
human breast, has a 2175-nucleotide open reading frame 
(Sequence ID NO: 3), which encodes a polypeptide of 725 
amino acids (Sequence ID N0:4), corresponding to a 

20 molecular weight of 84 kDa. 

Western analysis of the normal human breast cell 
line, MCF-10A, using as probe antibody R3, an antibody to 
murine RHAMM aa 425 " 443 , demonstrated three specific RHAMM 
protein bands of 84, 70 and 60 JcDa. The major protein, 

25 which had molecular weight 70 JcDa, may be generated by 
alternative splicing or post translational modification 
of the message encoding the 84 kDa protein. Also, the 
second ATG codon (+346, aa 116) has a perfect Kozak 
configuration and may be preferentially used in vivo 

30 resulting in a 70 kDa protein. Alternatively, the human 
RHAMM cDNA may correspond to the minor 84 kDa protein 
species, a possibility suggested by the observation that 
murine RHAMMv4 is expressed at low amounts in 
nontrans formed cells (Entwistle et al-, 1995). The above 

35 results and the presence of a stop codon in the 5 1 
noncoding region, in- frame with the initiation 
methionine, in both the human RHAMM cDNA and RT-PCR 
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product, indicate that the cDNA is full length. 

The human RHAMM protein has been found to occur in 
several isoforms, shown diagrammatically in Figure 7. 
Similar isoforms have been identified in the mouse. The 
5 longest isoform, corresponding to the complete cDNA, is 
designated RHAMM 5. A shorter version of this protein, 
lacking the signal peptide seen in RHAMM5, is designated 
RHAMM 4. 

Both RHAMM 4 and RHAMM 5 include exons 7 and 8. 

10 Alternatively spliced isoforms 1 and 3 lack exon 8 and 
exon 7 respectively. The shortest isoform, RHAMM 2, 
lacks both exon 7 and exon 8and corresponds to the first 
described mouse RHAMM 2. 

Table 2 shows a comparison of the full length human 

15 RHAMM cDNA and murine RHAMM 4 cDNA (Sequence ID NO: 5), 

identical nucleotides being indicated by vertical broken 
lines, nucleotide gaps required to maintain alignment 
being indicated by a dash and start and stop codons being 
shown in bold* 

20 Table 3 shows a comparison of the human RHAMM amino 

acid sequence and the murine amino acid sequence 
(Sequence ID NO: 6) encoded by the nucleotides of Table 
2. 

Identical amino acids are indicated by vertical 
25 broken lines and conservative changes are indicated by a 
plus sign. The two HA binding domains are shown in bold 
and exon 8 of the murine RHAMM 4 is underlined. Amino 
acid deletions, to maintain alignment, are indicated by a 
dash and the stop codon is indicated by an asterisk ♦ The 
30 homology between comparable mouse and human RHAMM 
isoforms is 85%. 

Only one of the five amino acid repeat sequences 
encoded in murine RHAMM cDNA (double underlined in Tables 
2 and 3) are present in human RHAMM cDNA. 
35 Alternatively spliced exon 8 has been shown to be 

critical to the function of RHAMM in cell motility, 
proliferation and transformation of murine cells 
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(Entwistle, 1994; Hall, 1995) . A review of RHAMM 
expression in human tissues has shown that most normal 
tissues contain human RHAMM 1 isoform, and do not contain 
detectable RHAMM 4. In contrast/ tumor tissues and 
5 normal tissues responding to injury show expression of 
the RHAMM 4 isoform. 

Alternatively spliced human exon 8 (Sequence ID 
NO: 16) encodes the amino acid sequence 
VSIEKEKIDEKSETEKLLEYIEEIS (Sequence ID NO: 50) . 

10 As previously described (International Patent 

Application W093/21312) , murine RHAMM demonstrates a 
consensus binding motif, X l -A n -X 2 , wherein X 1 and X 2 are 
basic amino acid residues and An is an amino acid sequence 
comprising seven or eight neutral or basic amino acid 

15 residues. Several versions of this motif occur within 
the two murine RHAMM binding domains, at amino acids 402 
to 412 and 424 to 433 of the murine RHAMM 2 amino acid 
sequence. As seen in Figure 2 and Table 3, this binding 
motif is completely conserved in the rat and human RHAMM 

20 binding domains. For human RHAMM, the binding domains 

comprise the amino acid sequence KQKIKHWKLK (Sequence ID 
N0:1) and KLRCQLAKKK (Sequence ID NO: 7). 

Nucleic Acids 

25 In accordance with one series of embodiments, the 

present invention provides isolated nucleic acids 
corresponding to or relating to the human RHAMM nucleic 
acid sequences disclosed herein. 

In accordance with another series of embodiments, 

30 the present invention provides for isolating nucleic 

acids which include subsets of the human RHAMM sequences 
or their complements. Such sequences have utility as 
probes and PCR primers. 



35 Expression of RHAMM proteins 

In accordance with a further embodiment, the present 
invention provides nucleic acids in which the coding 
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sequence for a human RHAMM protein is operably joined to 
endogenous or exogenous 5 f and/or 3' regulatory regions. 

For example, the complete ORF for human RHAMM protein 
operably joined to exogenous regulatory regions may be 
5 used for expression of the full length human RHAMM 
protein. The regulatory region may be selected from 
sequences that control the expression of genes of 
prokaryotic or eukaryotic cells, their viruses and 
combinations thereof. Such regulatory regions include 
10 for example, but are not limited to, the lac system, the 
trp system, the tac system and the trc system. 
Regulatory elements may be selected which are inducible 
or respressible, to allow for controlled expression of 
the human RHAMM gene in cells transformed with the 
15 encoding nucleic acid. Alternatively, the coding region 
may be operably joined with regulatory elements which 
provide for tissue specific expression of the human RHAMM 
gene in a selected tissue. 

Only selected RHAMM isoform, or a selected portion 
20 thereof, may be expressed by selecting the appropriate 
encoding nucleotide sequence. 

For protein expression, eukaryotic and prokayotic 
expression systems may be generated in which the selected 
nucleotide sequence is introduced into a plasmid or other 
25 vector which is then introduced into living cells. 
Prokaryotic and eukaryotic expression systems allow 
various important functional domains of the protein to be 
recovered as fusion proteins and then used for binding, 
structural and functional studies and also for the 
30 generation of appropriate antibodies. 

Typical expression vectors contain promoters that 
direct the synthesis of large amounts of mRNA 
corresponding to the gene. They may also include 
sequences allowing for their autonomous replication 
35 within the host organism, sequences that encode genetic 
traits that allow cells containing the vectors to be 
selected, and sequences that increase the efficiency with 
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which the mRNA is translated. Some vectors contain 
selectable markers such as neomycin resistance that 
permit isolation of cells by growing them under selective 
conditions. Stable long-term vectors may be maintained 
5 as freely replicating entities by using regulatory 
elements of viruses. Cell lines may also be produced 
which have integrated the vector into the genomic DNA and 
in this manner the gene product is produced on a 
continuous basis* 

10 Eukaryotic expression systems permit appropriate 

post-translational modifications to expressed proteins. 
This allows for studies of the gene and gene product 
including determination of proper expression and post- 
translational modifications for biological activity, 

15 identifying regulatory elements located in the 5' region 
of the gene and their role in tissue regulation of 
protein expression. It also permits the production of 
large amounts of protein for isolation and purification, 
the use of cells expressing the protein as a functional 

20 assay system for antibodies generated against the 
protein, the testing of the effectiveness of 
pharmacological agents or as a component of a signal 
transduction system, the study of the function of the 
normal complete protein, specific portions of the 

25 protein, or of naturally occurring polymorphisms and 

artificially produced mutated proteins. The DNA sequence 
can be altered using procedures such as restriction 
enzyme digestion, DNA polymerase fill-in, exonuclease 
deletion, terminal deoxynucleotide transferase extension, 

30 ligation of synthetic or cloned DNA sequences and site- 
directed sequence alteration using specific 
oligonucleotides together with PCR. 

Once the appropriate expression vector containing a 
selected nucleotide sequence is constructed, it is 

35 introduced into an appropriate E.coli strain by 

transformation techniques including calcium phosphate 
transf ection, DEAE-dextran transfection, electroporation, 
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microinjection, protoplast fusion and liposome-mediated 
transfection* 

Suitable host cells include, but are not limited to, 
E. coli, pseudomonas, bacillus subtillus, or other 
5 bacilli, other bacteria, yeast, fungi, insect (using 
baculoviral vectors for expression) , mouse or other 
animal or human tissue cells, or cell lines such as Cos 
or CHO. 

Suitable methods for recombinant expression of 
10 proteins are described in Sambrook et al. (1989) • 

Substantially Pure Proteins: 

In accordance with a further embodiment, the 
invention provides for substantially pure preparations of 

15 human RHAMM proteins, fragments of the human RHAMM 
proteins and fusion proteins including human RHAMM 
protein fragments. The proteins, fragments and fusions 
have utility, as described herein, for the production of 
antibodies to human RHAMM protein and in diagnostic and 

20 therapeutic methods, as described herein. 

The present invention provides substantially pure 
proteins or peptides comprising amino acid sequences 
which are subsequences of the complete amino acid 
sequence of human RHAMM protein* The invention provides 

25 substantially pure proteins or peptides comprising 

sequences corresponding to at least 4 to 5 consecutive 
amino acids of the human RHAMM amino acid sequence, 
preferably 6 to 10 consecutive amino acids, and more 
preferably at least 50 to 100 consecutive amino acids, as 

30 disclosed herein. The proteins or peptides of the 

invention may be isolated or purified by standard protein 
purification procedures including gel filtration 
chromatography, ion exchange chromatography, high 
performance liquid chromatography or a RHAMM 

35 immunoaffinity purification. For example, a protein may 
be expressed as a fusion protein with glutathiones- 
transferase (GST) and purified by affinity purification 
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using a glutathione column. Human RHAMM may be expressed 
and purified, for example, as described for murine RHAMM 
in European Patent Application EPO 721012A2. 

5 Antibodies 

In accordance with a further embodiment, the 
invention provides antibodies which selectively bind 
human RHAMM protein or a portion or antigenic determinant 
thereof. Such antibodies may be prepared by conventional 
10 methods known to those skilled in the art. 

A human RHAMM protein or a portion thereof for use 
in antibody production may be prepared by expression of a 
nucleotide sequence disclosed herein or a portion 
thereof, as described elsewhere herein. 
15 For a short peptide, it may be necessary to prepare 

a fusion protein comprising the selected peptide and a 
carrier protein, to act as antigen. 

The selected RHAMM protein or peptide or fusion 
protein is injected into rabbits or other appropriate 
20 laboratory animals to raise polyclonal antibodies. 

Following booster injections at weekly intervals, 
the rabbits or other laboratory animals are bled and 
their serum isolated. The serum can be used directly or 
the polyclonal antibodies purified prior to use by 
25 various methods including affinity chromatography. 

As will be understood by those skilled in the art, 
monoclonal antibodies may also be produced. A selected 
RHAMM protein or a peptide, coupled to a carrier protein 
if desired, is injected in Freund' s adjuvant into mice. 
30 After being injected three times over a three week 

period, the mice spleens are removed and resuspended in 
phosphate buffered saline (PBS) . The spleen cells serve 
as a source of lymphocytes, some of which are producing 
antibody of the appropriate specificity. These are then 
35 fused with a permanently growing myeloma partner cell, 
and the products of the fusion are plated into a number 
of tissue culture wells in the presence of a selective 
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agent such as HAT. The wells are then screened by ELISA 
to identify those containing cells making binding 
antibody. These are then plated and after a period of 
growth, these wells are again screened to identify 
5 antibody-producing cells. Several cloning procedures 
are carried out until over 90% of the wells contain 
single clones which are positive for antibody production. 

From this procedure a stable line of clones which 
produce the antibody are established. The monoclonal 

10 antibody can then be purified by affinity chromatography 
using Protein A Sepharose/ ion-exchange chromatography, 
as well as variations and combinations of these 
techniques. Truncated versions of monoclonal antibodies 
may also be produced by recombinant techniques in which 

15 plasmids are generated which express the desired 
monoclonal antibody fragment in a suitable host. 

Antibodies to RHAMM or to one or more of its HA 
binding domains block HA binding and inhibit cell 
locomotion. Since RHAMM/HA interaction is involved in 

20 oncogene- and growth factor-mediated cell locomotion, 
antibodies to human RHAMM, or to variants or fragments 
thereof which retain HA binding ability, provide means 
for therapeutic intervention in diseases involving cell 
locomotion. These diseases include tumour invasion, 

25 birth defects, acute and chronic inflammatory disorders, 
Alzheimer's and other forms of dementia, including 
Parkinson's and Huntington's diseases, AIDS, diabetes, 
autoimmune dieases, corneal dysplasias and hypertrophies, 
burns, surgical incisions and adhesions, strokes and 

30 Multiple Sclerosis. Other situations involving cell 
locomotion, in which intervention using antibodies to 
RHAMM or its constituent peptides could be employed, 
include CNS and spinal cord regeneration, contraception 
and in vitro fertilisation and embryo development. 

35 Antibodies to RHAMM hve been shown to inhibit human sperm 
motility in vitro and also to inhibit fertilisation of 
hamster ova by human sperm in an in vitro system. 
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Suitable methods for creation of antibodies are 
described, for example, in Antibody Engineering: A 
Practical Guide , Borrebaek, Ed., W.H. Freeman and 
Company, New York (1992) or Antibody Engineering , 2 nd 
5 Edition, Borrebaek, Ed., Oxford University Press, Oxford 
(1995) . 



Transformed Cells 

In accordance with a further embodiment, the present 

10 invention provides for cells or cell lines, either 

eukaryotic or prokaryotic, transformed or transfected 
with a nucleic acid of the present invention. Such cells 
or cell lines are useful both for preparation of human 
RHAMM protein or fragments thereof as described herein. 

15 They are also useful as model systems for diagnostic and 
therapeutic techniques. 

Methods of preparing appropriate vectors containing 
the nucleic acids of -the invention and for transforming 
cells using those vectors are known to those in the art 

20 and are reviewed, for example, in Sambrook et al., 
(1989) . 

Diagnostic or prognostic indicator in Breast Cancer 
In accordance with a further embodiment tissues 
25 suspected of malignancy may be screened by determining 
whether or not RHAMM 5 is overexpressed, overexpression 
being indicative of malignancy. 

In accordance with a further embodiment, the present 
invention provides a method of assessing the prognosis of 
30 subjects with breast cancer. 

On histological examination of breast tumours, 
extremely high levels of RHAMM were noted to occur in 
individual cells or small foci of cells (maximum 
staining) . The presence of these cells was variable but 
35 correlated with increasing general staining for RHAMM. 
More significantly, the presence of these unusual cells 
was prognostic of poor outcome (p - 0.02) . When maximum 
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staining and general staining were combined as a new 
statistical parameter (max-general) / elevated RHAMM 
expression significantly added to the prognostic value of 
nodal status and tumor size (p=0.016 and p=0.008) . The 
5 involvement of RHAMM in breast carcinoma was further 
assessed by analyzing RHAMM mRNA level in a second 
patient cohort from a different geographic area. In this 
second study, RHAMM mRNA expression in human tissue was 
significantly associated with higher tumour grade as well 
10 as with combined poor parameters (high tumour grade, ER 
negative and lymph node positive) (p=0.0357 and 
p«0.0213) . 

Tumour size and lymph node status have been shown to 
be the parameters that are significant for predicting 

15 overall survival in breast cancer patients according to 
analyses based on a Cox proportional hazard model. There 
appeared to be a relationship between RHAMM 
overexpression generally within tumours and the 
appearance of single or small groups of cells that highly 

20 overexpress RHAMM. This relationship contributes to 
tumour progression since a combined score representing 
both types of staining enhanced the prognostic value of 
node status and metastasis free survival. It is likely 
that single cells expressing very high levels of RHAMM 

25 arose from a background of cells expressing high levels 
of this HA receptor. 

An immunohistochemical study showed that combined 
general and maximum RHAMM protein expression was related 
to survival predicated by lymph nodal status, but was 

30 independent of ER/PR status and tumour grade. A second 
study which focused on mRNA expression yielded similar 
prognostic results and also a significant association 
with ER/PR status and with higher tumour grade was 
obtained. This difference might be due to the greater 

35 sensitivity of the RT-PCR technique to detect RHAMM used 
in the second study. 
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Exon 8 Peptide 

The peptide (Sequence ID No: 50) encoded by human 
exon 8 (Sequence ID NO: 16) can be synthesised, and 
antibodies raised to it, by conventional methods, 
5 preferably after conjugating the peptide to another 

antigen such as keyhole limpet haemocyanin. If mice are 
inoculated with conjugated antigen, spleen cells can be 
obtained and hybridomas produced, as will be understood 
by those skilled in the art. Screening by conventional 

10 methods can be carried out to obtain a hybridoma 

producing monoclonal antibodies with maximum affinity for 
the exon 8 peptide. The selected antibody can be used to 
construct a conventional ELISA, permitting screening of 
human serum or human tissues for soluble RHftMM containing 

15 the peptide coded by exon 8. Comparison with standard 
values obtained from normal patients can be used for 
comparison to indicate overexpression and the presence of 
tumour * 

Alternatively, antibodies to exon 8 could be created 

20 from phage display libraries. 

Alternatively, biopsy samples of human tumours can 
be examined for the level of expression of exon 8 peptide 
by histochemical means (paraffin sections or frozen 
sections), to provide an indicator of likely prognosis. 

25 Histochemistry can be carried out by conventional 

methods, as previously described, for example, in Wang et 
al.t 1992, using antibody to the exon 8 peptide as probe. 

It has been shown that both soluble murine GST-RHAMM 
fusion protein inhibits cell motility and also blocks 

30 cells in G2H of the cell cycle. The effect of the 

soluble fusion proteins on cell motility is due to the 
hyaluronan binding domains and can be mimicked by 
peptides that encode these hyaluronan binding domains . 
However, the effect of the soluble protein on cell cycle 

35 block is not currently known but is contained within 
RHAMM2 and is likely therefore to be the repeated 
sequences . 
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By providing the cDNA sequence for human RHAMM 
iso forms, the inventors have provided a means of 
producing soluble human RHAMM protein by expression of 
any of the human isoforms that include RHAMM 1, 2, 3, 4 
5 or 5 in conventional expression systems as described 

above. The soluble RHAMM isoforms may be used as a means 
of modulating the ratio of cell associated RHAMM to 
soluble RHAMM thereby modifying the availability of RHAMM 
ligands for the cell surface form of RHAMM which 

10 regulates cell locomotion and cell cycle. It is 

predicted that based on the murine results RHAMM 2 would 
be sufficient to regulate events involving cell motility 
and cell cycle. However, other RHAMM isoforms might be 
required for regulating events in tumour progression 

15 since these additional isoforms encode exon 7 and 8 

(involved in tumor igenesis) unlike RHAMM 2 which does not 
encode these exons. These human soluble RHAMM proteins 
could be used clinically for wound repair, burns, 
reduction of inflammation following transplantation, or 

20 prevention of tumour growth and metastasis. There are 
significant differences in the sequence of the human vs 
the murine RHAMM isoforms that require the use of the 
human RHAMM cDNA' s for production of soluble proteins so 
that an immune response (which can be generated against a 

25 single amino acid change) is not generated in humans 
negating the beneficial effects of the fusion protein. 

RHAMM Transgenic Animal Models 

In accordance with a further embodiment, the present 
30 invention provides for the production of transgenic, non- 
human animal models for the identification of the role of 
the RHAMM gene during embryogenesis, growth and 
development and to the understanding of the disease which 
the gene is responsible and/or related for the testing of 
35 possible therapies. In the present invention, the 

development of a transgenic model for the study of the 
relationship between RHAMM gene expression and 
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malignancy and in particular breast cancer is 
particularly advantageous • 

Mice are often used for transgenic animal models 
because they are easy to house, relatively inexpensive, 
5 and easy to breed. Transgenic animals are those which 
carry a transgene, that is, a cloned gene introduced and 
stably incorporated which is passed on to sucessive 
generations. In the present invention, the human RHAMM 
gene may be cloned and stably incorporated into the 

10 genome of an animal- Alternatively, altered portions of 
the gene sequence may be used such as the RHAMM sequence 
which does not include exon 8, the coding region thought 
responsible for the development of malignancy. In this 
manner, the specific function of alternatively spliced 

15 gene products may be investigated during animal 

development and initiation of malignancy in order to 
develop therapeutic strategies. 

There are several ways in which to create a 
transgenic animal model carrying a certain human gene 

20 sequence. Generation of a specific alterations of the 
human RHAMM gene sequence is one strategy. Alterations 
can be accomplished by a variety of enzymatic and 
chemical methods used in vitro. One of the most common 
methods is using a specific oligonucleotide as a mutagen 

25 to generate precisely designed deletions, insertions and 
point mutations in a DNA sequence. Secondly, a wild type 
human gene and/or humanized murine gene could be inserted 
by homologous recombination. It is also possible to 
insert an altered or mutant (single or multiple) human 

30 gene as genomic or minigene constructs using wild type or 
mutant or artificial promoter elements. More commonly, 
knock-out of the endogenous murine genes may be 
accomplished by the insertion of artificially modified 
fragments of the endogenous gene by homologous 

35 recombination. In this technique, mutant alleles are 
introduced by homologous recombination into embryonic 
stem cells* The embryonic stem cells containing a knock 
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out mutation in one allele of the gene being studied are 
introduced into early mouse embryos* The resultant mice 
are chimeras containing tissues derived from both the 
transplanted ES cells and host cells* The chimeric mice 
5 are mated to assess whether the mutation is incorporated 
into the germ line. Those chimeric mice each 
heterozygous for the knock-out mutation are mated to 
produce homozygous knock-out mice. 

Gene targeting producing gene knock-outs allows one 

10 to assess in vivo function of a gene which has been 
altered and used to replace a normal copy. The 
modifications include insertion of mutant stop codons, 
the deletion of DNA sequences, or the inclusion of 
recombination elements (lox p sites) recognized by 

15 enzymes such as Cre recombinase. Cre-lox system allows 
for the ablation of a given gene or the ablation of a 
certain portion of the gene sequence. 

To inactivate a gene chemical or x-ray mutagenesis 
of mouse gametes, followed by fertilization, can be 

20 applied- Heterozygous offspring can then be identified 
by Southern blotting to demonstrate loss of one allele by 
dosage, or failure to inherit one parental allele using 
RFLP markers. 

To create a transgenic mouse an altered version of 

25 the human gene of interest can be inserted into a mouse 
germ line using standard techniques of oocyte 
microinjection or trans fection or microinjection into 
stem cells. Alternatively, if it is desired to 
inactivate or replace the endogenous gene, homologous 

30 recombination using embryonic stem cells may be applied 
as described above. 

For oocyte injection, one or more copies of the 
normal human RHAMM gene or altered human RHAMM gene 
sequence can be inserted into the pronucleus of a just- 

35 fertilized mouse oocyte. This oocyte is then reimplanted 
into a pseudo-pregnant foster mother. The liveborn mice 
can then be screened for integrants using analysis of 
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tail DNA for the presence of human RHAMM gene sequences. 

The transgene can be either a complete genomic sequence 
injected as a YAC or chromosome fragment, a cDNA with 
either the natural promoter or a heterologous promoter, 
5 or a minigene containing all of the coding region and 
other elements found to be necessary for optimum 
expression. 

Retroviral infection of early embryos can also be 
done to insert the altered gene. In this method/ the 

10 altered gene is inserted into a retroviral vector which 
is used to directly infect mouse embryos during the early 
stages of development to generate a chimera, some of 
which will lead to germline transmission. 

Homologous recombination using stem cells allows for 

15 the screening of gene transfer cells to identify the rare 
homologous recombination events. Once identified, these 
can be used to generate chimeras by injection of mouse 
blastocysts, and a proportion of the resulting mice will 
show germline transmission from the recombinant line. 

20 This gene targeting methodology is especially useful if 
inactivation of the gene is desired. For example, 
inactivation of the gene can be done by designing a DNA 
fragment which contains sequences from a exon flanking a 
selectable marker. Homologous recombination leads to the 

25 insertion of the marker sequences in the middle of an 

exon, inactivating the gene. DNA analysis of individual 
clones can then be used to recognize the homologous 
recombination events. 

It is also possible to create mutations in the mouse 

30 germline by injecting oligonucleotides containing the 

mutation of interest and screening the resulting cells by 
PCR. 

This embodiment of the invention has the most 
significant commercial value as a mouse model for breast 
35 cancer. The role of RHAMM can be idenitified during 

growth and development of mice to study its expression 
and effects on tissues with respect to malignancy. Since 
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exon 8 has been identified to be responsible for 
malignancy/ transgenic mice carrying this exon as well as 
transgenic mice having the RHAMM gene devoid of exon 8 
or carrying additional copies of this exon can be made 
5 and studied with respect to malignancy and used as a 
model to study possible therapies including 
pharmaceutical intervention, gene targeting techniques, 
antibody therapies etc. 
An ti sense (AS) Therapy 

10 The invention provides a method for reversing a 

transformed phenotype resulting from the expression of 
the RHAMM human gene sequence which includes exon 8, the 
exon thought responsible for transformation of cells into 
a malignant phenotype. Antisense based strategies can be 

15 employed to explore gene function, inhibit gene function 
and as a basis for therapeutic drug design. The 
principle is based on the hypothesis that sequence 
specific suppression of gene expression can be achieved 
by intracellular hybridization between mRNA and a 

20 complementary anti-sense species. It is possible to 
synthesize anti-sense strand nucleotides that bind the 
sense strand of RNA or DNA with a high degree of 
specificity. The formation of a hybrid RNA duplex may 
interfere with the processing/transport/translation 

25 and/or stability of a target mRNA. 

Hybridization is required for an antisense effect to 
occur. Antisense effects have been described using a 
variety of approaches including the use of AS 
oligonucleotides, injection of AS RNA, DNA and 

30 transfection of AS RNA expression vectors. 

Therapeutic antisense nucleotides can be made as 
oligonucleotides or expressed nucleotides. 
Oligonucleotides are short single strands of DNA which 
are usually 15 to 20 nucleic acid bases long. Expressed 

35 nucleotides are made by an expression vector such as an 
adenoviral, retroviral or plasmid vector. The vector is 
administered to the cells in culture, or to a patient, 
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whose cells then make the antisense nucleotide . 
Expression vectors can be designed to produce antisense 
RNA, which can vary in length from a few dozen bases to 
several thousand. 
5 AS effects can be induced by control (sense) 

sequences* The extent of phenotypic changes are highly 
variable. Phenotypic effects induced by AS are based on 
changes in criteria such as biological endpoints, protein 
levels, protein activation measurement and target mRNA 
10 levels* 

Multidrug resistance is a useful model for the study 
of molecular events associated with phenotypic changes 
due to antisense effects since the MDR phenotype can be 
established by expression of a single gene mdrl (MDR 

15 gene) encoding P-glycoprotein (a 170 kDa membrane 
glycoprotein, ATP-dependent efflux pump) . 

In the present invention, mammalian cells in which 
the RHAMM cDNA has been transfected and which express a 
malignant phenotype, can be additionally transfected with 

20 anti-sense RHAMM DNA sequences in order to inhibit the 
transciption of the gene and reverse or reduce the 
malignant phenotype. Alternatively, portions of the 
RHAMM gene can be targeted with an anti-sense RHAMM 
sequence specific for exon 8 which is responsible for the 

25 malignant phenotype. Expression vectors can be used as a 
model for anti-sense gene therapy to target the RHAMM 
gene including exon 8 which is expressed in malignant 
cells. In this manner malignant cells and tissues can be 
targeted while allowing healthy cells to survive. This 

30 may prove to be an effective treatment for malignancies 
induced by RHAMM* 
Protein Therapy 

Treatment of malignant disease due to overexpression 
of the human RHAMM gene containing exon 8 can be 

35 performed by replacing the entire translated protein with 
a spliced protein which does not include the exon 8 
protein sequence, or by modulating the function of the 
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entire protein sequence. Once the biological pathway of 
the RHAMM protein has been completely understood, it may 
also be possible to modify the pathophysiologic pathway 
{eg, a signal transduction pathway) in which the protein 
5 participates in order to correct the physiological 
defect. 

To replace the protein with a spliced protein, or 
with a protein bearing a deliberate counterbalancing 
mutation it is necessary to obtain large amounts of pure 
10 RHAMM protein from cultured cell systems which can 
express the protein. Delivery of the protein to the 
effected tissues can then be accomplished using 
appropriate packaging or administering systems. 

EXAMPLES 

15 The examples are described for the purposes of 

illustration and are not intended to limit the scope of 

the invention* 

Methods of molecular genetics, protein and peptide 

biochemistry and immunology referred to but not 
20 explicitly described in this disclosure and examples are 

reported in the scientific literature and are well known 

to those skilled in the art. 

Example 1 
25 Cloning and DNA sequencing: 

A 5 '-stretch normal human breast cDNA library in 
lambda gtll was obtained from Clontech {Palo Alto, CA) 
and screened using as probe the murine RHAMM 2 cDNA. Two 
positive clones (clones 1 & 2, Figure 1) were PCR 

30 amplified using the 5 ? and 3' insert screening amplifiers 
from the Xgtll vector. The resulting 1.4 Jcb and 1*7 kb 
inserts were cloned into the PCR™ TA vector (Invitrogen, 
San Diego , CA) and sequenced by the dideoxy chain 
termination method using the T7 Sequencing™ kit 

35 (Pharmacia Biotech, Uppsala, Sweden) . The resulting cDNA 
sequence was missing the amino terminal region. Using 
Marathon™ cDNA amplification kit (Clontech), generated 
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from the coding region of the human cDNA clone 1, a 1.4 
kb 5 r RACE fragment was obtained from mRNA from a normal 
human breast epithelial cell line, MCF-10A (ATCC, 
Rockville, MD.) . This product was cloned into pCR™ TA 
5 cloning vector and sequenced as described above. The 
sequence obtained from these two sources was a 2.8 kb 
fragment and contained an ORF of 2175 nt. The strategy 
used for cloning this cDNA is shown in Fig, 1. 



10 Coll line and culture condition: 

The normal human breast epithelial cell line, 
designated MCF-10A, was obtained at passage 40 from ATCC 
(Rockville, MD) ♦ The cells were grown in Dulbecco's 
minimal essential medium (DMEM)/F-12 (1:1) medium) 

15 supplemented with 5% equine serum, 0.1 ng/ml cholera 

toxin, 10 tig/ml insulin (Gibco BRL, Burlington, ON), 0.5 
Hg/ml hydrocortisone (Sigma Chemical Co*, St. Louis , MO) 
and 0.02 |ig/ml epidermal growth factor (Collaborative 
Research, Inc., Palo Alto, CA) at 37°C and 5% C0 2 in air. 

20 Isolation of RNA from cells: 

mRNA was extracted from 90% confluent cultures of 
the normal breast epithelial cell line, MCF-10A, using 
the Micro-FastTrack™ kit following the manufacturer's 
instructions. Briefly, the cells were initially lysed in 

25 detergent-based buffer containing RNase/Protein Degrader, 
incubated at 45°C and applied directly to Oligo(dT) 
cellulose for adsorption. DNA, degraded proteins, and 
cell debris were washed from the resin with a high salt 
buffer (Binding buffer) • Non-polyadenylated RNAs were 

30 washed off with a low salt buffer and the PolyA + RNA was 
then eluted in the absence of salt. Purity and quantity 
of the RNA was assessed by reading optical densities at 
260 and 280 nm. 

Reverse transcription-polymerase chain reaction (RT-PCR) : 

35 to confirm that the ORF of the human RHAMM cDNA 

obtained from the library was full length, RT-PCR 
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amplification using isolated RNA from a human breast 
epithelial cell line followed by DNA sequencing was 
performed. Reverse transcription was performed exactly 
as described in the first-strand cDNA synthesis kit 
5 (Clontech) according to manufacturer's instructions. 
Briefly, 1 tig messenger RNA, extracted as described 
above, was reverse transcribed using a 16-mer oligo dT 
primer and 100U MMLV reverse transcriptase at 42°C for 60 
rain. The total 20\il reaction was diluted to lOOjil by 

10 adding 80 yl of sterile water. lOpJL of the diluted cDNA 
template was used in each 50 jxl PCR reaction using 
thermostable Taq and Pwo DNA polymerases (Boehringer- 
Mannheim Expand™ Long Template PCR System) . TaqStart 
antibody (Clontech) , and primers 

15 5 * GGATATCTGCAGAATTCGGCTTACT (Sequence ID NO: 51) and 5 f 

ACAGCAACATCAATAACAACAAGA (Sequence ID NO: 52) derived from 
the human RHAMM cDNA noncoding regions. PCR cycling 
parameters were denaturation at 94°C for 1 min, 
denaturation at 94°C for 45 sec, annealing at 60°C for 45 

20 sec and extension at 68°C for 2 min. 35 cycles were used 
with a final extension time of 8 min. The PCR products 
were cloned into pCR™ TA cloning vector and sequenced as 
described above . 
Western Immunoblot Analysis 

25 The MCF-10A cells were grown in growth media and 

changed to defined media for 24 hours before harvest* 
After washing with ice cold PBS, the cells were lysed 
with ice cold modified RIPA lysis buffer (25 mM Tris HC1, 
pH 7.2, 0.1% SDS, 1% Triton-X 100, 1% sodium 

30 deoxycholate, 0.15 M NaCl, 1 mM EDTA) containing the 
protease inhibitors leupeptin (1 ^ig/ml) , pheny line thy 1 
sulfonyfluoride (PMSF, 2 mM) , pepstatin A (1 |ig/ml), 
aprotinin (0.2 TlU/ml) and 3, 4-dichloroisocoumarin (200 
pM) (all chemicals are from Sigma) . Lysates were 

35 centrifuged at 13,000 rpm for 20 min at 4°C (Heraeus 
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Biofuge 13 , Baxter Diagnostics Corporation, Mississauga, 
Ontario) following 20 min incubation on ice. Protein 
concentrations of the supernants were determined using 
the DC protein assay (Bio-Rad Laboratories, Richmond, 
5 CA) . Five jig of total protein from each cell lysate in 
SDS reducing sample buffer was loaded and separated by 
electrophoresis on a 10% SDS-PAGE gel together with 
prestained molecular weight standards (Sigma) . After 
transferring onto nitrocellulose membranes (Bio-Rad) in a 

10 buffer containing 25 mM Tris-HCl, 192 mM glycine, 20% 
methanol, pH 8.3, using electrophoretic transfer cells 
(Bio-Rad) at 100 V for 1 hour at 4°C, additional protein 
binding sites on the membranes were blocked with 5% 
defatted milk in TBST (10 mM Tris base, 150 mM NaCL, pH 

15 7.4, with 0,1% Tween 20, Sigma). The membranes were then 
incubated with either the primary RHAMM antibody R3, 
1:100, 1 M-g/rol in defatted milk TBST) or R3.6 
preincubated with murine fusion protein overnight at 4°C 
on a gyratory shaker. After washing 3 times with TBST, 

20 the membranes were incubated with horseradish peroxidase- 
conjugated goat anti-rabbit IgG (1:5000 dilution in 1% 
defatted milk in TBST) for 1 hour at room temperature and 
washed with TBST, then TBS. Blotting was visualized by 
chemiluminescence (ECL) Western blotting detection system 

25 (Amersham International Pic, Amersham, UK) according to 
the manufacturer's instructions. 

Example 2 

Materials and methods: 

30 Patients and Samples 

The first cohort comprised archival materials from 
primary invasive breast carcinomas of 400 patients that 
had been surgically excised at the Massachusetts General 
Hospital from 1979 to 1982. These were used to determine 

35 the relationship of RHAMM protein overexpression with 
previously determined pathobiological factors and with 



SUBSTITUTE SHEET (RULE 26) 



PCT/CA97/00240 

WO 97/38098 r*-*,wwr w 

27 

survival. These patients continued their clinical care 
at Massachusetts General Hospital. The following 
information was obtained from the patient's clinical and 
medical records; age at diagnosis, location of primary 
5 tumour, time to metastasis, site of metastasis, 

therapeutic intervention, overall survival time, and 
cause of death. The median follow-up time was 10.6 
years, with a minimum of one year, a maximum of 16 years, 
and 75% of cases having follow-up of greater than 10 
10 years. 

The second cohort comprised 98 human breast tumour 
specimens obtained from the NCIC-Manitoba Breast Tumour 
Bank. In all cases, specimens obtained for the bank have 
been rapidly frozen at -70°C after surgical removal. 

15 Subsequently a portion of the frozen tissue from each 

case was processed to create formalin-fixed and paraffin 
embedded tissue blocks that were matched and oriented 
relative to the frozen tissue. These paraffin blocks 
provided tissue for high quality histological sections 

20 for pathological interpretation and assessment of the 

corresponding frozen tissue. Tumours were selected from 
the Tumour Bank database to represent a range of 
pathological grade (Nottingham system, score 4 to 9 
corresponding to low to high grade) (Elston, 1991) and 

25 estrogen receptor status (as determined by ligand binding 
assay) . Specific frozen tissue blocks were chosen in 
each case on the basis of several further criteria as 
assessed in immediately adjacent histological sections. 
These criteria included a cellular content of greater 

30 than 30% invasive tumour cells with minimal normal 
lobular or ductal epithelial components, good 
histological preservation and absence of necrosis* The 
majority of tumours were primary invasive ductal 
carcinomas. 



35 



Antibodies 

The polyclonal antibodies used in this study, R3 and 
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anti-fusion protein antibody, were raised in rabbits, R3 
to a specific peptide (aa 425 " 443 ) encoded in the murine 
RHAMM cDNA (Hardwick, 1992) which is conserved in human 
RHAMM cDNA (Table 2), and anti-fusion protein antibody to 
5 glutathione transferase (GST) -RHAMM fusion protein (Yang 
et al, 1993) respectively. Rabbit IgG and R3 
preincubated with murine RHAMM fusion protein were used 
as control. 

10 Immunohi s tochemi s tr y 

Routine formalin-fixed, paraffin-embedded tissues 
were cut into 4 micron sections and mounted on poly- 
lysine coated slides for assessing RHAMM expression. The 
Avidin-biotin-peroxidase complex method was used as 

15 previously described for CD44 staining (Yang, 1992) but 
with the following modifications. The slides were 
incubated with 1.5% goat serum in 0.01M Tris-buf fered 
saline (TBS) for 1 hour to block non-specific binding. 
The primary antibody, R3 was diluted with 1.5% goat 

20 serum/TBS (1:600) and incubated on slides overnight at 
4°C. Endogenous peroxidase activity was blocked by 
incubating the slides with 0.6% H 2 0 2 in methoanol 
(Mallinckrodt) for 30 minutes at room temperature. The 
dilution of antibody was chosen by determining the 

25 dilution at which no staining was observed for reduction 
mammoplasties. The slides were then incubated with 
biotinylated goat anti-rabbit IgG (Vectastain ABC 
peroxidase kit, Vector Labs, Burlingame, CA, 1:200 in 
0.01M TBS) for 1 h at room temperature, following by an 

30 avidin-biotin-peroxidase complex (Vectastain, Vector 
labs, 1:200 in 0.01M TBS) to visualize bound antibody. 
Between each step, the slides were washed three times 
with 0.01M TBS. The peroxidase activity was developed by 
incubation in 0.05% DAB (3, 3' -diaminobenzidine, Sigma) 

35 and 0.1% H z 0 2 in 0.05M TBS. The slides were counter- 
stained with methyl-green. Non- immune sera as well as 
antibody preabsorbed with RHAMM fusion (recombinant) 
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protein was used as negative control. 

The extent of reactivity of human breast cancer 
tissues to RHAMM was assessed by two independent and 
blinded observers without knowledge of clinical outcome. 
5 The staining intensity was scored using an arbitrary 
scale of 0 to 4+ (0=negative, 4+= strongly positive) . 

Four measures of staining intensity were tested. It 
was not known a priori which of the four scoring measures 
would turn out to be significant, nor what cut-point 
10 would be useful for any of them- These four measures 

were: 1) general overall intensity of staining; 2) scoring 
of foci or isolated multiple individual cells containing 
the most intense staining, referred to as xx maximum 
staining"; 3) staining with peritumour stroma; and 4) 
15 nuclear staining. The impetus for scoring "maximal 

scoring" came from the custom in Surgical Pathology to 
confer the overall diagnostic evaluation of a malignancy 
from the *worst" or most omnious area of a slide. 

20 Extraction of RNA 

Total RNA was extracted from one to three 20 pm 
frozen tumour sections as described by Hiller et al 
(1996) using a small scale RNA extraction protocol (Tri- 
Reagent, Molecular Research Center, Inc., Cincinnati, OH) 

25 ensuring a direct correlation between the material 
analyzed and histologically assessed cellular 
composition. The yield from tumour sections was 
quantitated by spectrophotometer in a 50 fil microcuvette. 
The average yield of total RNA per 20 fim section was 4 

30 ixq/cm 2 (+/-20% variation with cellularity) and this was 
associated with a consistent 0D 260/280 >1.8. 

Reverse transcription - polymerase chain reaction (RT- 
PGR) 
35 Analysis : 

The expression of RHAMM was assessed by RT-PCR 
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followed by agarose electrophoresis and ethidium bromide 
staining to visualize the PCR products ♦ Amplification of 
actin was performed in parallel to control for 
reliability of reverse transcription of amplification* 
5 RHAMM isoform bands were then assessed by subjective 
scoring of band presence and intensity (0,0.5,1,2). 

Reverse transcription was performed with 100 ng 
total RNA with 1 mM dNTP, 1 unit RNase inhibitor/ 2.5 mM 
oligo d(T) primer, 50 units of MMLV reverse transcriptase 

10 and IX MMLV buffer (Gibco BRL) in a total volume of 10 jil 
of 60 minutes at 37 °C. Following 5 minutes incubation at 
95°C, the reaction was then diluted to 40 M-l and 1 nl of 
the cDNA {equivalent to 2.5 ng of the input RNA) was then 
subjected to PCR. 

15 PCR amplifications were conducted using 1 nl of 

reverse transcription mixture in a volume of 50 in 
the presence of 10 mM Tris-HCl(pH 8.3), 50 mM HCI, 1.5 mM 
MgCl 2 , 0.2 mM dATP, 0.2 mM dCTP, 0.2 mM dGTP, 0.2 -M dTTP, 
100 ng of each prime, and 2 U of Taq DNA polymerase. The 

20 primers used for RHAMM were the forward primer 5'- 
GCAAACACTGGATGAGCTTGA- 3 ' and the reverse primer 5'- 
TGGTCTGCTGATCTAGAAGCA-3' . PCR cycling parameters were 
denaturation at 94 °C for 4 rain, denaturation at 94 °C for 
45 sec, annealing at 60 °C for 45 sec and extension at 

25 72 Q C for 2 min. 45 cycles were used with a final 

extension time of 8 min. RT-PCR products were analyzed on 
1% agarose gels with ethidium bromide {200 ng/ml) . The 
416 bp band, and in some cases additional 266 bp band 
were observed. These bands were cut out for sequencing * 

30 Semi-quantitative analysis of the relative amounts of 
RHAMM transcripts expressed was determined by comparing 
the expression of the RHAMM gene with that of human actin 
gene, the primers for which were the forward primer, 5'- 
ATCTGGCACCACACCTTCTACAATGAGCTGCG-3' and the reverse 

35 primer, 5' -CGTCTACACCTAGTCGTTCGTCCTCATACTGC-3' . This 
resulted in a 838 bp fragment (Clontech) . 
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DNA Sequencing 

The DNA excised from the ethidium bromide stained 
agarose gel was purified using Prep-A-Gene DNA 
5 purification systems (Bio-Rad) according to the 

manufacturer' s instruction and cloned into the pCR™TA 
vector {Invitrogen, San Diego, CA) * It was then 
sequenced by the dideoxy chain termination method using 
the T7 Sequencing™ kit {Pharmacia Biotech, Uppsala, 
10 Sweden) . A 416 bp insert corresponded to part of RHAMM 4 
isoform while a 266 bp insert corresponded to RHAMM 4 
minus exon 13. 

Statistical Methods 

15 Student's t-test was used for comparing the effects 

of RHAMM antibodies and peptides on cell locomotion and 
collagen gel invasion data, Kaplan-Meier survival curves 
were plotted for each of the scoring measures of 
Iramunocytochemistry (Abacus, 1994) . Differences between 

20 survival curves generated by using a cut-point to divide 
each scoring measure into a dichotomous rating (0 if 
below and 1 above the cut -point) were tested by the 
logrank (Mantel-Cox) test (Lee, 1995) . A Cox 
proportional hazard model was used to determine the 

25 significance of multiple factors in predicting survival. 
Survival Tools for Statview™ was used to perform the 
statistical analyses (Abacus) GRAPHPAD Prism ^ was used 
to test the difference of RHAMM mRNA expression. 

30 RHAMM expression in human breast carcinoma 

The overall expression of RHAMM protein was highly 
variable in a cohort of 400 human samples of breast 
carcinoma, ranging from most cells being negative (-) to 
most cells being very strongly positive (4+) (Table 4, 

35 Fig. 3) ♦ This widespread staining in the primary tumour 
was defined as general staining (arrow heads. Fig. 3A-C 
and see Fig. 3B-E for variability) . In some tumours, 



SUBSTITUTE SHEET (RULE 26) 



WO97/38098 



PCT/CA97/00240 



32 

RHAMM was noticably overexpressed in small foci or in 
multiple individual cells within the primary tumour (Fig. 
3B, 3C) , arrows). In these cells RHAMM was strongly 
expressed in both the cytoplasm and nucleus. Staining of 
5 these cells was defined as maximum staining. 

For the general parameter, RHAMM was observed both 
within tumour cells (Fig. 3A-D) and, in fewer cases, in 
the extracellular milieu, i.e. the stroma surrounding the 
tumour {Fig. 3E, Table 4), consistent with previous 

10 reports of the occurrence of intracellular and soluble 
forms in murine cells. Intracellular RHAMM appeared to 
be both cytoplasmic and, in some instances, nuclear (Fig. 
3D) . Over 80% of the 400 tumours showed no reactivity 
for stromal staining and nuclear staining (i.e., score 0) 

15 as noted in Table 4. It is interesting to note that high 
level of general tumour staining and of maximum staining 
of foci and isolated cells were highly correlated 
(r=0.83). These correlations were significant (p < 
0*001). This result indicates that the appearance of 

20 small groups of cells exhibiting high expression of RHAMM 
(Fig. 3C) and increased staining for RHAMM are related 
events (i.e., compare (Fig. 3A with 3B) . 

RHAMM overexpression in cell subsets is of prognostic 

25 value in human breast cancer 

Univariate analyses of breast carcinoma tissue 
sections found nodal status (p < 0.001) and tumour size 
(p « 0.03) statistically significant in the first patient 
cohort for predicting metastasis-free and overall 

30 survival (Table 5) . Neither type of RHAMM staining in 

this patient cohort correlated with ^standard" prognostic 
factors (tumour size, grade, estrogen receptor status, 
lymph node status) (Table 5) . However, RHAMM 
overexpression in single cells or cell subsets (maximum 

35 staining) was a prognostic factor predicting poor outcome 
(p^0.02) (Fig. 4) . 

In order to assess the relationship of both maximum 
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(Max) and general (Gen) RHAMM staining in the breast 
carcinoma with respect to standard prognostic factors, 
lymph node positive and negative patients were analyzed 
with a Cox proportional hazard model (Abacus, 1994; Lee, 
5 1995) , where all factors shown in Table B were included 
and then deleted, one at a time until only factors with p 
< 0.05 remained in the model. This model included the 
number of positive lymph nodes, tumor size (classified 
into 3 groups: < 2,2-5 and > 5cm) as well as a combined 

10 value for general and maximal staining of RHAMM. Since 
maximum RHAMM staining had a negative coefficient, they 
were combined in a new factor which was defined as 
maximum-general (Max-Gen) . When data were segregated 
according to lymph node status, the Max-Gen parameter 

15 allowed further separation of survival curves in both 
groups that was significant at p = 0.008 for overall 
survival (Fig* 5) and significant at p = 0.016 for 
metastasis-free survival (Fig. 6) . These results were 
summarized in Table 6. The odds ratios for Max-Gen 

20 staining in this table suggest that when the Max-Gen 
staining difference is > 1 unit in either group, the 
chance of recurrence is 1.40 times as large as aen the 
staining difference is < 1 unit. Similarly, the chance 
of death is 1.59 times as large for those cumours with 

25 differences > 1 compared to those with cifferer^es < 1 
unit, as seen also in Figures 5 and 0, 

RT-PCR analysis of RHAMM messenger RNA as prognostic 
indicator in human breast carcinoma 

30 Immunocytochemistry analysis for RHAMM protein 

expression in archival paraffin blocks showed a 
significant relationship between RHAMM over expression and 
survival as well as a significant but complex association 
with established prognostic parameters such as lymph node 

35 status. To address this relationship further, RHAMM 
expression was assessed using the more sensitive 
technique of reverse transcription - polymerase chain 
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reaction (RT-PCR) of mRNA extract from tissue sections 
from tumours of an independent cohort of 98 patients 
where fresh frozen tissues were available. These cases 
were selected specifically to provide a range of tumour 
5 grade and ER/PR status. 

mRNA was detected in human breast cancer samples 
that corresponded to the human homologue of murine RHAMM 
4. For routine analysis of RHAMM expression, RT-PCR 
products using primers from exon 11 and exon 14 

10 (represented as a cDNA insert of 416 bp, see methods) 
were obtained (27 f 31) in all tumours. A second isoform 
(represented as an insert of 266 bp) containing a 
deletion of exon 13 occurred in 29% of tumours . These 
results suggest that in human tumours RHAMM occurs as 

15 multiple isoforms. Protein translated from the (RHAMM 4 
with exon 13 deletion) isoform would not be recognized by 
the antibody used for the immunohistochemical analysis as 
this is directed to an exon 13 epitope encoded in exon 
13 ♦ Elevated expression, either of the RHAMM 4, RHAMM 

20 4 (-9) isoforms or both isoforms combined, showed a 
significant association with higher tumour grade 
(p=0.Q466, p=M).0163, p-0.0357) (Table 7). Further 
analysis of subsets of patients with combined parameters 
of poor prognosis (high grade/ ER-ve/node+ve/ n=12) versus 

25 patients with good prognosis (low grade/ER+ve/node-ve, 
n=15) showed a similar significant association of RHAMM 
expression with poor prognosis (p=0.0063, p=0.0085, 
p=0.0213) (Table 8) ♦ 

30 Example 3 

The inventors screened human pWE15 cosmid library 
(Clontech) using human RHAMM 5 cDNA. Clones were mapped 
for restriction sites and these were lined up to match 
restriction sites in human RHAMM 5 cDNA. Exons were 
35 sequenced and exon/intron borders noted (Table 1) . 

The present invention is not limited to the features 
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of the embodiments described herein, but includes all 
variations and modifications within the scope of the 
claims. 
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TABLE 1 

EXON 1 

CCGCCAGTGTGATGGATATCTGCAGAATTCGGCT^^ 

CGGGCAGGTGTGCCAGTCACCTTCAGTT^ (A) 
AGGCGCCGTTGAAACGATTCAATGACCCTTCTG ( INTRONXq tacataaaaQqqaaaaaact: 
ggsrSfSTSggcragacgccccaacgccctttgcctctttcagctcccttcttgggaggcaagcag 
gaggcgattttagggtcgggctggggctcattcagttgactgatttttctcaaatatgctct 
aagcatctgttacatgccaagcactaatcaggatgctaaggataccgcagtaaacagtctcc 

gcccgtgggcttacattcaggcggggaatactgtcaataaacagcggtaatggagaa 

, ttcaatccttagtaagaaagccatatattgcctgaatatatgatgtcatctcaaaactgcg 
tttgctcagttgcctgtgttcctttgacccggttgatataaagggcaagatgatattgttct 
tcatagagaggccttctttgtaatatcaaatggatgcaatcttttacatttaaaaaaagcag 
tttgttaatgacatttttacatttatattcactttattatgacatgttttaacttaagatca 

EXON 2 

taagtaacattagataatatattaatgttttctatttcctct:ag)GTTGTGCACCATCTCCA 
GGTGCTTATGATGTTAAAACTTTAGAAGTAT^ 

a&GATTTAAAgAACAAAAAG ( TKrrRONyic ^aat.aaqa^gageaaaaaagaa^ggt'^a^g^a 

atcttataagttttaaagttatgaataacaatatttaaagatgttatagcattttttaaaat 
gtgaagctagaactatatttaaattttatttgatggatttatgaaagggtcaagtacagaat 
aatgctgtcatcattacattgctatataaccaggaaaattaagcaagatacttatattgata 
EXON 3 

tgtagctt ) AATCTAAACAAAATCTTAATGTTGACAAAGATACTACCTTGC 

TCAGCTAGAAAAGTTAAGTCTTCGGAATCAA ( intronXiiggtgaggagcttttatatgcc 
agctggtttatcaagtgtatcatcaaaaacatctgaaagtattgtatttgattagaatgggt 
taaagtgtatgaatcaaggttataactaaatctgtaaattaatgaaatgagttatcattaga 
actctagcaagttttacatttctgcctaggtcattatgtttaaatgtgcccttagttcacaa 

EXON 4 

ttataatggtcttcaattctcaatcacttctatgttt ) AGAAGGAATCTCAAAAGA 

ATGATAAAGATTTGAAGATATTAGAGAAAGAGATTCGTGTTCTTCTACAGGAACGTG 
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TABLE 1 (Continued) 

CAGGACAGGCGGATCCAGGATCTGGAAACTGAGTTGGAAAAG ( INTR0NXX1 . . . ttatgtt 
cttaaaatgcattaagactttaagatgtatcataggtaaatatgattattcaaatagctagt 
aacattagaatatctacaagcataatgtcaaaatcagagatttttccagaaactttaggggt 
gattattggtagcatctccttatgttggcattctatcagtgaatcatttattatcaccttgt 
ttttgtccagattcgtgttcttctacaggaacgtggtgcccaggacaggcggatccaggatc 

EXON 5 

t ggaaac t gag 1 1 ggaaag ) ATGGAAGCAAGGCTAAATGCTGCACTAAGGGAAAAAACATCT 
CTCTCTGCAAATAATGCTACACTGGAAAAACAACrrTATTG^ 

ACTAAAATCTAAG ( INTRQNXXa tat ctaaacctcataataacatttacaatitgaataaa^a 
taaacacgttttttagggccgggcacggtggctcacgcctgtgttcccagcattttgggagg 
ccaaggcaggcggatcacctgaggtcgggagttcgagaccagcctgaccaacatggagaaac 
cctgtctctactaaaaatacaaaaattagctaggcctattggcgggcgcctgtaatctcagc 
tactcgggaggctgaggcagaagaatcacttgaacccaggaggtggaggttgcagtgagc . . 

„ taaaccagcaagtcacattaaggaaaagagggataagaacagt^gactggtacagtgg 

ctcatgcctgtatttccagcattttggaaggctgagggctggagaattgcttgaggccagga 
gtttgagaccagcctgggcaacatatcaagaccccatctcLataaz^aaattgaaaaattag 
ctaggcatggtggtggtgcacaccggtaatcccagctactcaggaagatgaggcaggaggat 
tgattgagcccaggagtttgagattatagcgagctatgatcatgccactccactctagccgt 
gacagcggagcgagacttgatctcttaaaaagaaaagaaaaaaaaattaaatcaatcagtaa 
ttatggtgtaggtcaaagactgttctctctaccaaagtatattaaagtcaaaaacataaccc 
cagtgataggtagaaaaatcaatatttctctattttaaatatgtcttagcagaaaatatttc 

EXON 6 

tgaattttttacgtgtttgttgtatttag) TTTTCTGAAAATGGTAACCAGAAGAATTTGAG 
AATTCTAAGCTTGGAGTTGATGAAAC7ITAG ( intron 
2gtgagtgctgcccttggcaggtttgctgtgtctggatctggggatcagt:acaactttctca 
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TABLE 1 ( Continued) 

EXON 7 

tttcctaaaacaggcatctttgttgtgtag) GGTATGATGGCTAAGCAAGAAGGCATGGAGA 
TGWVGCTGCAGGTCACCCAAAGGAGTCTC 

area aaact ( intronag taaqtqacrtcTaacqtgaagagaaattgttaagtggaagcaattct 
tgatttgagtctcttcacaattattgtttactagacttaaccttctcttagtacttatctca 
ttgcctccctccagttgccctatttctctttttaaactagaatgagccctaatcattctcaa 
acatgttgtgctacaaagttgtatgagtgcattacttttgtacatcttctgtattattaatg 
atgaggaaagatttcatgatcttatgaaagtggtcattagattgaaattgagaaacact 
ggtataggaaattgcgatttatgcacaatcccagcctttgattttgagctttaatatacata 
taataaaatgtgtggatagtaagtattcagtttggtgactttagcaattgtatacacctact 
aaccactzaccaaacaagatagaacattttcatcccttcagaaagttccttca — . - #ttct 
actaggtaggaagtggtatctcctttgtgattttaatttgttaccatgaatgttgaccttat 
ttttatgtgcttattgaccattttatgtgcatacaacttttgcaaggtgtctattgaagtct 
tttgtccatttcttgcattggacagtttggtggaggtaaacagataagtaattgaagaccag 
gtagtctgggacaaaagctttatgggcacacaaaatgctatttagtatgttggatgggtggg 
gaaaccaggaagaccacaaaaagaatattatttctaacacttgggatactgtaatgaaggtt 
ctgtcatcataggtttttttgcagtatatattcagaaaactttctcacttaaataaaaattt 
tagtcttctattttgatgtaaattgtgatttgagaaartacataaaataatagttaagagtt 
agggctctgtagtcagcctgcctgatacaggagtatctggtacataagcattatgtaagatt 

EXON 8 

attaaataacgaaactagaatgtattaacatatgcaatttttgttttagJTGTTTCAATAGA 
GAAAGAAAAGATTGATGAAAAATCTGAAAC^GAAAAACTCTITGGAATAC^ 

g f int:ron4a taatatgagcagt:agctttaaattgaaccttattttttt:aatact cagtcat 
tttcatcatttt1:c:t: gtt:att:ttccct:gtgcctaaatagatgtgctttttaagataacttgt 

EXON 9 

tttaatgcag) TTGTGOTCAGATCAAGTGGAAAAATACAAGCTAGATATTGCCC^GTTA^ 
AGAAAATTTGAAAGAGAAGAATGATGAAATTTTAAGCCT 
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TABLE 1 (Continued) 
TTGTTATATTATCTAAACAA^ 

AAAG ( intronSq tattacacrtcytttataqttactttcrtttaaataaatattacatacaaca 
tttaggaaaaatactactatgctaaaacaaccttttaaajtstaattagctatactaacattt 
taaa t;ataa ttaqctatatacrctatacaacaacaaaaacctcrtactacattttaaaatat:tt 
tactcttataatgtttgttttctgtttatttsaatacagcatattacctgtcttgattgaaa 
tatatacagtcatataattcttgactttccactaggtagctgtgtaacaatcagtagataac 
acagaacaagatttgtgggttttattatttagcacatagtatatattacatggagtaatgat 
acaaagttcacagttttgttttcttctttggaaataccatgctaaaagcagtgtaatggaat 
attatgggagtccaggtttctcagtcttaatgttcttacctaattccagtattcttgatgtt 
EXON 10 

ttgagtt ttctag) AAGACCATGTC^CAGGAATAGAGAACACAACG 
AGATGCAAAACTTAAAACAGAAGTTTATC 

AAAGAATTACAAATTGATTC^CTTCT^ ( intron6a taatt:taccaccat 

atttttttaaactgttcattttgtgtcatacatttccctatgtctctgaacacctttaaatt 
gtgtatatcctttgatctaccaattctatctttagagtcttatcctgaggacataatcatgg 
atatgctgaggatttagctacgtattttcactacatgttcacctagggttatgaataatgtg 
ggaaatgacaacagatacaaaatagggaatttttaaaaaattttctggctcattcttgtgtt 

atttaggctatataaacattacacttaccttg taattttatgtaatatggtgtgaa 

aaataatgttaatatcaaagccagttgtaaaacagatatatatatataaaaatataatttta 
gattaagaagtttctgcatgtgcgttgcatagaaaaaagcctaagatgatatttgccacaat 
gttaacaaggtataggaaataatctatgaaaacaaatatgctatttctatattgttttaagc 
ttccttgaatctgtggaatttaggtttcatccttctttatctgtacttttttttgtctccta 

EXON 11 

gtacaacctcacaatgccattccaaattattttggtggttttctgtttggatatag) GAATT 

ATCTTCGAGTCTTCATCAGAAGCTCTGTT 

TGTTTGAGGAAGA&TTAAAGCAAACACTGGATGAGCT 
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TABLE 1 (Continued) 
C&AGCTGAAAGGCTGGTCAAGCAA^ 

zxrTrrTAnAAGAAAAGCTGAAAGG ( intronVq tttctattaataqcratctcatattttatt 
atgacttcagatgtatttattttgagtactttttttagtattctcttatcaatcatgtgagc 

gtgttaggttggattatttt ttatacctactaccttcttcacccaaatttttaaag 

taaaataagcaggaaagataagttgaagctagtagaaaaatgcattaaaaaacatgctttcg 
aggtaagtcataaattaggatctgagctatttagcaggtaatgcagtggtgaagatatgagc 
tatatgattcacagtttcaaaggtaaatactattttctttcttagggtagtaattgtaggtg 

EXON 12 

gcattttatctttcaattatttctttttcttag)GAAGGAGGCTGAACTGGAGAAAAGTAGT 
GCTGCTCATACCCAGGCCACCCTGCTTT 

TGAAGATGTTACTGCTCAATTTGAAAG ( intronea tatttttcttggqaacctiacactctt 
aaatatgatgtgtgcagaaaggggtgtttaccccaggaaatatgtgagcaaagcagtcacac 
aaaggatgattcatactagtttaaattccataatcaccaaccgtaagtgggcatttagcatt 

atctggtaatcttattgtatttatataattccctttataatttatagaaattccc t 

ttttttttctttgaatacacagcagatgccatgtaaactcattagtacttgcctcagaacac 
tgaattcttacctgtgttaaatgcatgaatacattaaaaactttttagttttacttagaagt 
atataaagtgtcccctaatcagttatgattgtcatacgcaatagttagaaaactactttgac 

EXON 13 

tttttttt ctt tt t aat aag ) CTATAAAGCGTTAACAGCCAGTGAGATAGfcAAGATCTTAAGC 
TGGAGAACTCATCATTAC^GGAAAAAGCGGCCAAGGCT 

CATCAGATTTTGGCAACrGAGAGCT ( intron9a tatatagaq 
caaataatggccttagaaccattaagacaatttaatgttgaaagccagctagtaactgtccc 
ttggcttgcttttggccatcttatactgcaaattaagaatttactcagttaaaaaatgacac 
ttcttgaagagttccttgaggtttaaagaaaaaaaaaggaaaaattaatgaaagtggctata 

EXON 14 

aaacgtt:tagt:gacctcttctctctcaaaccaaag)GATGCTTCTAGATCTGCAGACCAAGT 
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TABLE 1 (Continued) 

CAGCACTAAAGGAAACAGAAATTAAAGAAATCACAGTTT CTTTTCTTCAAAAAATAACTGAT 
TTGCAGAACCAACTCAAGCAACAGGAGGAAGACT^ 

AAG ( iqt:ronlOq t:aatctatQattcaaacctqaatacctt:at:taact:cagt:t:argarg^g a 

EXON 15 

ttttttaaataactatgizttttctcaatttaattcttccatgcagJAAAAGCTGAAAAAGAA 

AATACT^CAGCAGAATTAACTGAAGAAATTAACAAGTGGCGTCTCCT 

TAATAAAACAAAACi J lVl"i^Gf i^ 

ttattttagggactctttgttccctattatagtgaggacagtgactcgggttttctgcaaga 
tcattttgctctgcacttacagtgccaatttagctcactattaaaggtttatacatttcatt 
aaattatgcataattttttcccacattattgaagtataattgacaaatttaattgacataat 

ttttcaatggacctttgtggttttaaaaaaaa ctcatagagaatctatggagagcc 

ctgagaatatgtgaacataccttgttttcatttgtgtttrttaattttctttagtgtttatgg 
tttatatgaaactagtaagatcaaactgttttaagtcttaactttatttaaaaaatcttttt 

EXON 16 
cag) CTACAACTAGATGCTTTTG^ 

CTCAGGAACAGCTAAATAAAATAAGAGATTCATATG CTAAATTATTGGGTCATCAGAATTTG 
AAACAAAAAATCAAGCATGTTGTGAAGT^ f intr 
onl2a tttqtaaaatqacttttcattttattaaaqatattacraatcfgqcTcyttattccaacta 
taatacttaaataaaatgaatatctttggtatcagaaaaaaataactgtttatagaggaaaa 
ttgagctgtgatttagtggatttattttagagtgttgaccagatgggcattcaatgttctaa 
agttttctagctaccgtcttaatatatattgaaaattacttgagtaaatttgatgaattcat 

EXON 17 

taagctttacatatctatttccatttgcaaa ) GAAGTATCAAAACTCCGCTGTCAG 

CTTGCTAAAAAAAAACAAAGTGAGACAAAACCT 

CAAACACTTTGATCCTTCAAAGGCTC 

CCCCATTAAAAGAAGGCAATACAAACTGTTAC^ 
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TABLE 1 (Continued) 

AAGTAAAC^TCrrGAGAAACCTGTTGAAGATTATTTCATTCGTCTTGTTGTTATTGATGTTGC 

TGTTATTATATTTGACATGGGTATTTTATAATGTTGTATTTAAT^ 

AATATGTGAAAGGAACATTTTTTACCAAAGTC^ 

ACCTCCTCCCTAATGCTCACCTTC 

AGAATGC^TCTCATCAACTTA^^ 

AGTTTCAAGAGTCTAAACCCCAGATTC^ 

CTTCTTTAGCTAGGCTAAAACACCTTGG 

TCACTTGGTCCTACCTATTATCC^ 

AACTTCATAGTAACCTCTCTATTTTAATC^GTTGTTTAATAATT^ 

ATCCTGTTTGTATGAAATTATAATCTGTGGATTGGCCTTTAAGCCTGCA 

CTTCAGTTAATTCTTAGATACACTAAAAATCTGAAGAAACT 

GAGITI'GTCATATACTGCTTGTCATCTGCATGTCTACT 

ATAAGAAATAAAATTACACAGTAAGTCATTTAACCAAAAAAAAAA 

AAAAAAAAAAAAAAAAAAAAAAAA ( ggtctgtaggaaaaacgactattgattgggt 

tagcgtcctaatcgagtatgtggttctgtggctgcaacacagatgtccacagtgacaaggac 
atgaacacctggatgaacgcgtctgtcaagtctgggtgggctgcatcagtgcctttgcctgt 
cctgtctcttgcctaagccctcctggttctgactgctcctgcctgggtccctccttcacctg 
aactctgcaggctgcacagacatgctttctgtatctgtggcccttcattgtccctttccgtg 
tea 
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TABLE 2 



Human -109 CCGCCAGTGTGATGGATATCTGCAGAATTCGGCTTACTCACTAT^ 

- 3 4 CAGTCACCrrTCAGTTTCTGGAGCrGGCCGTCAACAtOTCCTTT^ 

4 2 TTCTGGTTGTGCACCATCTCCAGGTGCTTATGATGTT^ 

117 GAAATCACAAAGATTTAAACAAC^KAAAAGAATCTAAACAAAATCT 

192 TTCAGCTAGAAAAGTTAAGTCTTCGGAATCAAAGAAGGAATCTCA^ 

267 GAAAGAGATTCGTGTTCTTCTXAOVGGAACGTGGTGCCC^ 

34 2 AAAGATGGAAGCAAGGCTAAATGCTGCACTAAGGGAAAAAATAT 

Hum»n 415 AAACAACTTATTGAATTGACCAGGACTAATGAACTACTAAAATCT 

fit II fill I I (I llUfllftl! iiilf Nil Milll 

Mouse -7 5 AGGCTAAAGGAGGCAGAATAGATATCTG AGTTCTT ATGTTC 

Hunan 490 TTGAGAATTCTAAGCTTGGAGTrGATGAAACTTAGAAAC 

ititi 1 1 1 1 1 1 1 tin iniiiiiiii tint ii lint iiitmiini mmiimi n 

Mouse 1 ATOAGAGCTCTAAGCCTGGAATTCMGAAACTCAGAAATAA 

Human 565 CAAGAAGGCATGGAGATGAAGCTGC»GGTCT^ 

II MIIIIIIIIH IMMMIMM III II I I 111 llllll I II MIIIIF til 111 
Mouse 76 CAGGAAGGCATGGAGCTGAAGCTGCAGGCCACTCAGAAGGACCTCACGGACT 

Human 640 GAGGGAAAACTTGTTTCAATAGAGAAAGAAAACATTGATGAAAA^^ 

tiiiiiii t liftii iiiiiiii tun if in i Kiiiifiii tiiiini iiitiiim iiuiim 

Mouse 151 GAGGGAAAGCTTGTTTCAATAGAGAAAGAAAAGATCGATGAA^ 

Human 715 GAAGAAATTAGTTGTGCTTCAGATCAAGT GGAAAAAT ACAAGCT AGAT ATTGCCCAGTT AGAAGAAAATTTGAAA 
IIMIIIMI Mill It llllll llltllllll III Ml tllllllllllll Mlltll 1 1 I I I I 1 1 
Mouse 226 CAAGAAATTAC^GTGCATCT 

Human 790 GAGAAGAATGATGAAATTTTAAGCCTTAAGCAGTCT C 1 IGAGGAAAATATTGTTATATTATCTAAACAAGTACAA 
llllll II 111 IIIIIIII I I I I I I I II I I I II I I I I I I I I I III I III 1 I 1 1 I III Mill 
Mouse 301 GAGAAGGATCGTGAGATTTTAAGTCreAAGCACTCT ACATTTTCTAAGCAAATAGAA 

Human 865 GATCTAAATGTGAAATGTCAGCTGCTTGAAAAAGAAAAAGAAGACC^^ 

|| li I IN Mill UIH tllllll IIMt III (If IfMI 1 1 t IIIIIIII (II 
Mouse 373 GACCTGACTGTTAAATGCCAGCTACTTGAAACAGAAAGAGACA* 

Human 940 AATCTAAATGCAGAGATGCAAAACTTAAAACAGAAGTTTATTCT^ 

I If) I III IIMIIIMI I I I I III I I Ml III I lit MIMMIM MIIII 
Mouse 4 4 8 ACTCTCAGTGCTGAGATGCAGATCCTGACAGAGAGGCTGGC^ 

Human 1015 AAAGAATTACAAATTGATTCACTTCTGCAftCAAG 

MIIMII MM I lllllllllll M I I I M I III I III I III) 1 I III MIMM Ml 
Mouse 523 AAAGAATTGCAAWXTCAGTCACTTCT 

Human 1090 TTrCAAGAGGAAATGGTrAAAGAGAAGAATCTGTTTGAG 

M I M I M M M M ' M M M M f III I I I M I llllll i III! Illl I HI 
Mouse S9B TTCCAAGAGGAAATGACTTCTGAGAAGAACGTCTTTA 

Human 1165 TTACAGCAAAAGGAGGAACAAGCTGAAAGGCTGGTCAAGC^ 

I MM) MMMM M IMIMIMMI II M lllllllllll II 11 I t I Ml II 
Mouse 67 3 GTCCAGCAGAAGGAGGAGCAGAGTG^ 

Human 1240 TTAAAACTCCTAGAAGAAAAGCTGAAAGGGAAGGAGGCTGAACT 

( I I MM I I M II M II I It I I Ml I II I 1 1 Ml I I M II MM I I I M I II 
Mouse 748 CTGACGCGGCTGGACAACCTGCTGAGAGAGAAAGAAGTTGAACTGG 

Human 1315 ACCCTGCT 

Mouse 823 l^^GrACAAGAGAAGTATA^^ 

Human — — — ™ — ~ — - ■ — • 

Mouse 



898 r-A^AnAAGTATAATGACACAGCACAGAGT^-GAGGGACGTCACr 



rTSGAAAGTGAGgAAGAGAAGTAC: 



Human 

Mouse 973 

Human 1323 

Mouse 1048 



AATf^rACAGCACAGAGTCTGAGGC^CGTCACTGtrp^AGTTGGAAAGTGAGCAAGAGAAGTACAATGACACAGCA 



-TTTGCAGGAAAAGTATGACAGTATGGTGCAAAGCCTTGAA 

I I I II t ! I M II I * > MM) 
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TABLE 2 (Continued) 



Human 


1363 


Mouse 


1123 


Human 


1438 


Mouse 


1198 


Human 


1513 


Mouse 


1273 


Human 


1588 


Mouse 


1348 


Human 


1663 


Mouse 


1423 


Human 


1738 


Mouse 


1498 


Human 


1813 


Mouse 


1573 


Human 


1888 


Mouse 


1648 


Human 


1963 


Mouse 




Human 




Mouse 


1 TOO 


Human 




Mouse 


1873 


Human 


21BB 


Mouse 


1948 


Human 


2263 


Mouse 


2023 


Human 


2338 


Human 


2413 


Human 


2488 


Human 


2563 


Human 


263B 


Human 


2713 


Human 


2788 


Human 


2863 


Human 


2938 



G ATGTTACT G CTCAATTT GAAAGCTAT AAAGCGTTAAC AGCCAGT GAGATAGAAGATCTT AAGCTGGAGAACTCA 

I I I I I I II I I I I I I 1 1 I I I . t Mil : II I II M t I I I I I I I I 1 1 I t f 1 I I I 

nACCTCAGTGrrrCACTTGGAAACCTATAASTCAT^ 

TCATTACAGGAAAAAGCGGCCAAGGCTGGGAAAAATGCAGAGGAT GTT CAGCATCAGATTTT GGCAACTG AGAGC 
1 1 1 I I I 1 1 I || I II I Mill Mil I t it! I I I M I 1 1 II Kill IN M t M II I M 
ACTCTAC^AGAAAAAGTAGCTATCKCTGAAAAAACT 

TCAAATCAAGAATATGTAAGGATGCTTCTAGATCTGC 

? I I I I I I 1 1 1 M 1 I I MIIMI III I I I I IHIII II Ml I MM III 1 1 I 1 1 1 I 1 1 1 1 I I 
ACJ^AATCAAGAATATGCAAGGATGGTTCAAGATTT^ 

ATCACAGTTTCTTTTCTTCAAAAAATAACTG ATTT G^VGAACCAACTCAAGCAACAGGAGC AAGACTTT AGAAAA 
I J 1 1 I I III IMIM I MMMIMIIIMI I M MMIM Mill M IMMMIIM I I 
ATCACATCTTCATTTCTTGAGAAAATAACTGATrr GAAAAATCAACTCAGACAACAAGATGAAGACTTTAGGAAG 

CAGCTGGAA<^TGAA<5AAGGAAGAAAAGCTGAAAAAGAAMTACAACAG 

1 I 1 1 I 1 1 1 1 I t III I Mill III II IIMIMM II 1 1 It II I II I Mllllll II 
CAGCTGGAAGAGAAAGGAAAAACAACAGCAGAGAAAGAAAATCT 

TGGCGTCTCCTCTATGAAGAACTATATAATAAAACAAAACCTT^ 

I I 1 1 t I I M I I MIMMMMMM I KIM 1 1 I 1 1 I I I I I I I I MMM Mill MMIM II 
TGGCGTCTCCTATATGAAGAACTATATGAAAAAACTAAAC L 1 ITT CAGCAACAACT GGATGCCTTTGAAGCCGAG 

AAACAGGCATTGTTGAATGAACATGGTGCAGCTCyU3GAA 

I I H I M M M M I M I I I M I M II I M I MIIMI MIIIIMMIMI Mill M II I M > I I 
AAACAGGCATTGTTGAATGAACATGGTGCAACTCAGGAXK^VGCT 

TTGGGTCATO«5AATTTGaUMyeMU^ 

I Mill (MM I II 1 1 1 1 1 1 1 1 1 M MMIIMMI 1 1 1 1 II 1 1 1 1 I M II M 1 1 1 I 1 1 M I II M 
CTTGGTCACCAGAACCTAJUUXaUUUUUtfq^ 

GAACttATauuuycrcopcaoTC ^ 

II II 1 1 1 1 1 1 tf 1 1 1 I Mllllll Mill MMIM 1111 I IMIM I Mill Mill 
GAGGTGTCAJUUWCrCCaigCTCJ U l Cl ltfrJJ JUU\< XlMU ^ AAAATGAGCTCAG^ 

GTTCT AGGT ATCAAACACTITG AT CCTTCAAAXKiCTTrTCATC^ 

I II I II I I M I M I Ml M I II M M Ml Ml I I 1 1 II I III M IMIM II 
GCTCTGGGCATCAGACACTTTGACCCTTCCAAGG —ACT 

CCATTAAAAGAAGGCAATACAAACTGTTACCGAGCTCCTATGGA^ 

I M I I I M I I M II 1 1 I MMIM I I III M IN t 11 1 1 1 1 M M 1 1 I M M I M Mill 
CCATTAAAAGAAGGCAACCCAAACTGCTGCTOAGTTCAGATG 

AAACCTGTTGAAGATTATTTCATTCGTCTTGTTGTTATTGATGTTGCTGTTA 

I I! MIMMMMMM III I I I I I I I Mil MM I 1 Mil 

AT ACTTGTTGAAGATTAT TTT CT T CATTGTTCTT GT T ATAGTAT AT AATGT ATTT AATTT 3T ACTG CCTAGTCTT 

TAATGTTGTATTTAATTrrAACTGCCAATCCTTAAATATGTGA . JCAAAGTGTCTTTTG AC 

till! 

AGGTATATGAAACGGTAATTCAGCAT TTGTTCTCT — — — — — 

ATTTTATTTTTrCTTGCAAATACCTCCTCCCTAATG 

TTCCAGCTTAGAATtK^TCTCATCAACTT AAAAGT CAGTATCAT ATT ATTATCLT CC'T U TT CTGAAACCTT AGTT 
TCAAGAGTCTAAACCCCAGKTTCre 

AACACCTTGGCrTGTTATTGCCTCTACT I T GATT CTT GAT AATGCTCACTTGGTCCTACCTATT ATCuT I i" CX AC 

TTGTCt^GTTCAAATAAGAAATAAGGACTUkGCCTAACTTCATA 

ATTTACAGGTTCTTAGGCTCCATCCTGTTTGTATGJVAATTATAATC^ 

AACAAAl I C T T CAGTTMTTCTT AGAT ACACT AAAAATCTGAAGAAACTCTACAT GTAACTATTTCTTCAGAGTT 
TCTCATATACTGCTTGTCATCTGCATGTCT^ 

CAGTAAGTCATTTAACCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
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TABLE 3 



Human 




Human 


76 


Human 


151 


Mouse 


1 


Human 


226 


Mouse 


63 


Human 


301 


Mouse 


138 


Human: 


376 


Mouse: 


213 


Human: 




Mouse : 


288 


Human: 


443 


Mouse : 


363 


Human: 


518 


Mouse: 


438 


Human: 


593 


Mouse: 


513 


Human: 


668 


Mouse: 


58B 



MSFPKAPUtRFNDPSGCAPSPGAYDVKTLEVLKGPVSFWSQRFK^ 

KESOKNDKDLKILEKElRVLLQERGAODRRIODLETELEKMEARLNAALREKTSLSANNATLEKQLIELTRTNEt 

LKSKFSENGNQKNIJtII^LEIJ4KLRNKRETKMRGMMAKQEGME 

H-M I I II I I I I I I I I I I : i t I I I I i I'M t I II* I i I HI I I ! t t I I I I I I I I I 
MRALSI£I>IKIJWiatETKMRSMMVKOEGMEIJQ.QRTQKDLTESKGKIVQIXGia VSXEKEKl 

DEK5ETEKLLEY1EEI SCASDQVEKYKLDIAQLEENLKEKN DEILSLKQ5LEENIVI LSKQVEDLHVKCQLLEKE 
Itl + Hlllllll I ! I t I I I I I H + t + M I I M I 111} I 1 I I I I I I I I M I * ' I I IN llllll! i 
DEKCETEKliEYIQElSC ASDQVEKCK\roiAQ^ 

KEDHWRNREHWENlilAEMQNIJCQKFILEQQEHEKI^ 

( +«- n+ l + * + MM I ++++H + M t I I I I I 1 1 I II i I M I I I I* I l + llllllll IM + I 
R DNLVSKDRERAEXLSA£MQlX.TERUu^ERQEY^ FOEEMT5EKNVF 

EEELKOrLDELDKLQQKEEQAERLVKQIXEEAra 

MM ! Ill M I I I I l + H l I I I I I I I II MM 1+ 1+ II lilt 111 II 1 + 

an nn^inrncro t wot r irr r k g-rnr nr te t. rw T.T.REKEVEIXKHI AAHAQM LI AOEKYN DTA 



QEKY D5MVQSLE DVTAQ FESY^CALTASEI EDUtLE^/SSLQEKAAKA 

i i n+ 'ii inn mi* t iiimm m i m i i i+ nil 1 1 : mm 1 1 1 n- m 

ft fi KYM nTAO<[ J ^ nVTR nLFS Y KSSTLKEIEDLKLENLTLQEKVAMAEKSVEDVQQQI IT AE STNQEY ARMVQDLQ 

TKSAIJCETEIKEITVSFLQKrTDLQNQLK^ 

>| HI llllll I H+l I II IM H + l IM I 1 I I t I l~ I lllll III IIIIMHIIIM III 
NRSTLKEEEIKEITSSEXEKITnLKNGLRQQDEDFR!^ 

PFQLQUAFEVEKOWXNEHGAAQEQLNKIROSYAKL^ 

Ml 11(111 IIMIIIIIM t 1 1 1 I I 1 1 1 1 I l^-l I 1 1 1 1 1 1 1 1 1 IJJItl 1 1 1 1 I I 1 1 1 I I 1 1 1 t+l I l+l 
PFQQtoDAFEAEKOAIJ^EHGATQE^ 

QSETKLOEELNKVI^IKHFDPSKAFHHESKENFAJJ<TPI^GNTNCYRAPMEC^ 
IM+MI MM lll+MII Mil I lllll II III It II 
QMELRLQGELDKALGIRH FDPSKAFCHA5KEN F TPLKEGNPNCC* 
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TABLE 4 

Distribution of Staining Scores Among 400 Breast TunorB 



Staining 


Stromal 


Ganaral 

Tumor 


Nuclear 


Tumor 


0.0 


3 J A 


Ai 


323 


3 


0.5 


35 


74 


16 


24 


1.0 


18 


73 


10 


28 


1.5 


8 


92 


5 


54 


2,0 


3 


86 


18 


69 


2.5 


4 


34 


2 


70 


3.0 


1 


17 


14 


72 


3.5 


0 


3 


4 


54 


4.0 


0 


0 


8 


26 
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TABLE 5 



Univariate analysis of prognostic indicators for 
metastasis -free and overall survival 





Metastasis-Free Survival 


1 Overall 


Survival 




factor 


Number 


Sxxrr 


p-value 


Number 


5~yx Surv 


p-value 


Nodal status 














None positive 


179 


83% 




186 


80% 




>1 positive 


162 


50% 


<0.0001 


179 


60% 


<0.Q001 


Tumor six* (cm) 














2 


181 


70% 




199 


72% 




2-01-5 


149 


69% 




160 


69% 




>5 


22 


40% 


0.03 


26 


58% 


0.01 


Tumor grade 














1 or 2 


292 


70% 




235 


72% 




3 


71 


62% 


0.74 


155 


64% 


0.53 


ER status 














Negative 


23 


74% 




24 


70% 




Positive 


173 


74% 


0.75 


187 


78% 


0.67 


Age 














<50 


96 


65% 




103 


68% 




50 


265 


65% 


0.75 


293 


68% 


0.19 


Stromal stain 














None 


301 


70% 




329 


70% 




Some 


62 


54% 


0.20 


69 


28% 


0.13 


General stain 














0-0.5 


85 


70% 




95 


72% 




1-1.5 


152 


58% 




165 


62% 




>2 


126 


68% 


0,17 


138 


70% 


0.15 


Nuclear stain 














None 


292 


72% 




322 


68% 




Some 


71 


62% 


0.74 


76 


68% 


0.64 
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TABLE 6 



Multivariate analysis of prognostic factors for 
metastasis -free and overall survival 





Metastasis -Free 


Survival 


| Overall Survival 


Factor 


Odds Kati.0 


p. wine 


Odds Ratio 


P. value 


Modal status 


2.96 1 


<0.0001 


2.14 1 


<0.0001 


Max-Gen RHAMM 


1.40* 


<0.016 


1.S9 2 


<0.008 


Tumor Sixe 




<0,Ol 




<0.004 


2 - 5 cm 


1.25 3 


<0.02 


1.46 3 


<0.08 


> 5 cm 


1.99 3 


<0.003 


1.61 3 


«K002 



1 Odds ratios for > vs. 0 positive nodes 

2 Odds ratios for Max-Gen staining > vs. < 1 

3 Odds ratios for tumor size shown vs . Tumor size < 2 an 
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TABLE 7 

RHAMM mRNA expression and tumor grade 



RHAfcW isoform 


Case Number 


Median Grade 


p value* 


RHAMM V 4 








-/+ 


44 


6 




++ 


54 


7 


0.0466 


RHAMMV4 (-9) 










70 


7 




+ 


28 


8 


0.0163 


Both isoforms 








-/+ 


40 


6 




++/+++ 


54 


7 


0.0357 



*Mann Whitney Test. 
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TABLE 8 



RHAMM mRNA expression and prognostic parameters* 



RHAMM rsoform 


Poor Prognosis 
(12 cases) 


Good prognosis 
(15 cases) 


p value** 


RHAMMV4 

-/+ 
++ 


2 (17%) 
10 (83%) 


11 (73%) 
4 (27%) 


0.0063 


RHAMMv4(-9) 


5 (42%) 
7 (58%) 


14 (93%) 
1 (7%) 


0.0085 


Both isoforms 
-/+ 

++/+++ 


3 (25%) 
9 (75%) 


11 (73%) 
4 (27%) 


0.0213 



* Poor prognosis parameters: high grade/ER- 

ve/Node+ve. Good prognosis parameters: low 
grade/ER+ve/Node-ve • 



Fisher Exact Test, 
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We claim: 

1. An isolated nucleic acid comprising a nucleotide 
sequence encoding a protein selected from the group 

5 consisting of human RHAMM 1, human RHAMM 2, human RHAMM 
3, human RHAMM 4 and human RHAMM 5. 

2. An isolated nucleic acid of claim 1 wherein the 
nucleic acid encodes the amino acid sequence of Sequence 

10 ID NO: 4. 

3. An isolated nucleic acid of claim 2 wherein the 
nucleotide sequence is selected from the group consisting 
of 

15 (a) the genomic sequence of human RHAMM; and 

(b) the nucleotide sequence of Sequence ID NO: 3, 

4. An isolated nucleic acid of claim 1 selected from 
the group consisting of 

20 (a) a nucleotide sequence comprising in continuous 

sequence the nucleotide sequences of Sequence ID NOS:9 to 
25; 

(b) a nucleotide sequence comprisina :~ continuous 
sequence the nucleotide sequences of C.^uence IP NOS;9, 
25 10, 11 and 13 to 25; and 

(a) a nucleotide sequence comprising in continuous 
sequence the nucleotide sequences of Sequence ID N0S:9 f 
10 and 12 to 25. 

30 5- An isolated nucleic acid comprising a nucleotide 
sequence selected from the group consisting of 

(a) a nucleotide sequence of at least 10 
consecutive nucleotides of Sequence ID NO: 3; 

(b) a nucleotide sequence of at least 15 

35 consecutive nucleotides of Sequence ID NO: 3; and . 

(c) a nucleotide sequence of at least 20 
consecutive nucleotides of Sequence ID NO: 3. 
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6- An isolated nucleic acid comprising a nucleotide 
encoding at least one binding domain of human RHAMM 
protein or a fragment or analogue thereof which retains 
5 HA binding ability. 

7. An isolated nucleic acid of claim 6 encoding the 
amino acid sequence of Sequence ID NO:l or Sequence ID 
NO: 7. 

10 

8* An isolated nucleic acid comprising a nucleotide 
sequence selected from the group consisting of Sequence 
ID NO.:9, Sequence ID NO:10, Sequence ID NO.:ll, Sequence 
ID NO.:12, Sequence ID NO.:13, Sequence ID NO.:14, 
15 Sequence ID NO* : 15, Sequence ID NO.:lS f Sequence ID 

N0.:17, Sequence IDNO.:18, Sequence IDNO.:19, Sequence 
ID NO.:20, Sequence ID N0.:21, Sequence ID NO.:22, 
Sequence ID NO.:23, Sequence ID NO.: 24 and Sequence ID 
NO.:25. 

20 

9. The nucleic acid of claim 8 wherein the nucleotide 
sequence is Sequence ID NO: 16, 

10. An isolated nucleic acid comprisin: a nucleotide 

25 sequence encoding the amino acid sequence cf Sequence ID 
NO: 50. 

11. An isolated nucleic acid comprising a nucleotide 
sequence selected from the group consisting of the 

30 Sequences ID NO: 26 to 49, 

12 ♦ A recombinant expression vector comprising an 
isolated nucleic acid of any of claims 1 to 11. 

35 13. A host cell transformed with a recombinant 
expression vector of claim 12. 
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14. A transgenic animal wherein a genome of the animal, 
or of an ancestor thereof, has been modified by insertion 
of at least one recombinant construct to produce a 
modification selected from the group consisting of 
5 (a) insertion of a nucleotide sequence of at least 

one exon of the human RHAMM gene; 

(b) insertion of a nucleotide sequence encoding at 
least one human RHAMM protein; 

(c) inactivation of an endogenous RHAMM gene. 

10 

15* A substantially pure protein selected from the group 
consisting of human RHAMM 1, human RHAMM 2, human RHAMM 
3, human RHAMM 4 and human RHAMM 5. 

15 16- A protein of claim 15 comprising the amino acid 
sequence of Sequence ID NO: 4 or a fragment or analogue 
thereof which retains the ability to bind hyaluronan. 

17. A substantially pure peptide comprising an amino 
20 acid sequence selected from the group consisting of 

(a) at least 5 consecutive amino acid residues from 
the amino acid sequence of Sequence ID NO: 4; 

(b) at least 10 consecutive amino acid residues 
from the amino acid sequence of Sequence ID NO: 4; and 

25 (c) at least 15 consecutive amino acid residues 

from the amino acid sequence of Sequence ID NO: 4. 

18. A substantially pure peptide comprising at least one 
binding domain of human RHAMM. 

30 

19. A peptide of claim 18 selected from the group 
consisting of Sequence ID NO:l and Sequence ID NO: 17. 

20. A substantially pure peptide having the amino acid 
35 sequence of Sequence ID NO: 50. 

21. An antibody which selectively binds to an antigenic 
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determinant of a human RHAMM protein. 

22. An antibody which selectively binds to an antigenic 
determinant of the peptide of claim 20. 

5 

23. A cell line producing an antibody of claim 21 or 22* 

24. A method for identifying compounds which can 
selectively bind to a human RHAMM protein comprising the 

10 steps of 

providing a preparation of at least one human RHAMM 
protein; 

contacting the preparation with a candidate 
compound; and 

15 detecting binding of the RHAMM protein to the 

candidate compound. 

25. The method of claim 24 wherein the binding of the 
RHAMM protein to the compound is detected by a method 

20 selected from the group consisting of affinity 

chromatography, a yeast two-hybrid system, and a phage 
display library - 

26. A method for assessing prognosis ir. a irammal having 
25 a tumour, comprising obtaining a tumour s?~ .pie from the 

mammal and determining the level of expression of RHAMM 
protein in the tumour sample, wherein increased 
expression of RHAMM protein is indicative of a poor 
prognosis. 

30 

27. The method of claim 26 wherein RHAMM expression is 
determined by a method selected from the group consisting 
of a histochemical method, a method comprising 
determination of the level of RHAMM mRNA in a biopsy 

35 sample and a method comprising determination of 

expression of human RHAMM exon 8 in a biopsy sample. 
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28. The method of any of claims 26 to 27 wherein the 
mammal is a human and the tumour is a breast tumour ♦ 



29. A pharmaceutical composition for preventing or 
5 treating a disorder in a human characterised by 

overexpression of the RHAMM gene comprising an effective 
amount of a nucleotide sequence selected from the group 
consisting of 

(a) a dominant suppressor mutant of the RHAMM gene; 
10 (b) an antisense sequence to human RHAMM cDNA; and 

(c) an antisense sequence to exon 8 of the human 
RHAMM gene and a pharmaceutical^ acceptable carrier. 

30. A method for preventing or treating a disorder in a 
15 human characterised by overexpression of the RHAMM gene 

comprising administering to the mammal an effective 
amount of a nucleotide sequence selected from the group 
consisting of 

(a) a dominant suppressor mutant of the RHAMM gene; 
20 (b) an antisense sequence to human RHAMM cDNA; and 

<c) an antisense sequence to exon 8 of the human 
RHAMM gene. 



31* The method of claim 32 wherein the disorder is 
25 cancer. 



32 . A method for inhibiting cell migration in a human 
comprising administering to the human an effective amount 
of an agent selected from the group consisting of 
30 (a) an antibody which binds specifically to human 

RHAMM protein or a fragment thereof; and 

(b) a peptide comprising a human RHAMM HA-binding 
domain. 
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